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The North American Elaterid Types of Otto Schwarz, with a 
Revision of Ctenicera bivittata (Melsheimer) and Allies 
(Coleoptera) 


By Epwarp C. Brecker 


Entomology Research Institute, Research Branch 
Canada Department of Agriculture 
Ottawa 


Otto Schwarz described ten species of North American elaterids, two of 
which he placed in the new genus Euplastius (1903, 1903a and 1906). Several 
of these species are known only from the types, and none has been redescribed or 
studied adequately. Dr. J. W. Machatschke of the Deutsches Entomologisches 
Institut, Berlin, kindly loaned type material of seven of these. Conclusions based 
on a study of these are summarized as follows: 

Chalcolepidius substriatus Schwarz — Synonym of C. webbii LeConte. 

Chalcolepidius parallelus Schwarz — Synonym of C. tartarus Fall. 

Drasterius brevipennis Schwarz — Renamed D. curtipennis by Schwarz and 
considered a valid species in Aeolus. 

Elathous oberndorfferi Schwarz — Synonym of E. bicolor (LeConte), not 
E. discalceatus (Say) as noted by Van Dyke (1932). 

Ischiodontus parallelus Schwarz — Renamed I. schwarzi herein and con- 
sidered a valid species. 

Euplastius Schwarz — Formerly placed in the Plastoceridae, it is here con- 
sidered a synonym of Ctenicera. 

Euplastius athoiformis Schwarz — Considered herein a synonym of Ctenicera 
bivittata (Melsheimer). 

Euplastius athoides Schwarz — Considered a valid species in Ctenicera allied 
to bivittata. C. robinsoni (Knull) is here considered a synonym of 
athoides. 

Variations in size and color indicate that Schwarz had more than one spec- 
imen when he described four of these species. The other three were described 
without variation, although Schwarz could still have had two or more specimens 
of the same size. I am designating six of these specimens as lectotypes and con- 
sidering the remaining one, Chalcolepidius parallelus, as a syntype. My reasons 
for treating them as such are discussed under each species. Because most of these 
species are poorly known, I am including a formal description of each, even 
though some are considered synonyms. 

I have been unable to locate the types of the other three North American 
species described by Schwarz (1903), namely, Drasterius minor and Athous 
exclamationis from Alabama and Corymbites trapezicollis from Boreal America. 
Dr. J. W. Machatschke informed me that they are not in the Deutsches Ento- 
mologisches Institut. For completeness I am including the following observations 
about these species. 

Drasterius minor was described from Alabama and should undoubtedly be 
placed in Aeolus along with curtipennis and the other North American species 
that have been referred to Drasterius in Leng’s Catalogue (1920, p. 173). The 
original description gives little to go on other than to state that wznor is smaller 
and apparently more yellowish than curtipennis. Until the species of Aeolus 
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are studied adequately it seems best to consider Aeolus minor (Schwarz) [new 
combination] a valid species. 

Athous exclamationis was also described from Alabama and according to the 
original description it is a very prettily marked elaterid, so much so that it seems 
difficult to confuse it with other species. LeConte (1863, p. 84) described 
Limonius ornatipennis from Pennsylvania with similar color markings and other 
characters. Wan Dyke (1932, p. 361) placed ornatipennis in Athous and stated, 
“Athous exclamationis O. Schwarz, | have not been able to place and am inclined 
to believe was never found in our territory as is the case without doubt, of a 
number of Elateridae described by O. Schwarz.” Careful examination of the 
original description of ornatipennis, as well as subsequent ones by Blatchley 
(1910, p. 758) and Van Dyke (1932, p. 362), indicates that the described varia- 
tion could easily account for the slight differences between the original des- 
criptions of ornatipennis and exclamationis. Under these circumstances I would 
for the present synonymize Athous exclamationis Schwarz [new synonymy| 
under Athous ornatipennis (LeConte). 

Corymbites trapezicollis was described from Boreal America. Schwarz 
(1906a, p. 224) placed it in the genus Ludius. Hyslop (1917, p. 1) erected the 
genus Perissarthron for trapezium (LeConte), which is known from Texas, and 
considered trapezicollis (Schwarz) as a synonym. This arrangement seems 
satisfactory. 


Chalcolepidius webbii LeConte 
Fig. 3 
Chalcolepidius webbii LeConte, 1854, Proc. Acad. Sci. Phila. 7: 223. Casey, 1907, Can. 
Ent. 39: 29. 
Chalcolepidius substriatus Schwarz, 1906, Deut. Ent. Zeit., p. 97. 

LecToryPe or susstriATus. Male. Length 21.0 mm., width 6.2 mm. Body 
rather robust. Ground color black; pronotum and elytra covered with small 
bluish-gray scales (as seen under natural light) except for following areas, which 
are covered with much larger, whitish scales: lateral one-third of pronotum 
except for extreme side margin (inner margin of white area irregular with slight 
but definite indentation at basal fourth); narrow lateral stripe on each elytron 
including epipleuron and most of eighth interval, extending around apex nearly 
to suture; base of each elytron, also few scattered whitish scales along striae near 
base. Head thickly covered with dull, golden-brown scales, with a few, scat- 
tered, bluish scales especially around edges; scales on undersides similar to those 
on head except more bluish, very few, scattered scales on middle of prosternum. 


Head very slightly concave, punctation obscured by scales. Antenna failing 
to reach apex of hind angle of prothorax by nearly three segments; second seg- 
ment short, wider than long, cylindrical; third segment a little longer than wide, 
posterior ventral angle produced; fourth segment 1.6 times longer than third and 
about equal in length to fifth; fourth to tenth segments serrate, each with posterior 
ventral angle produced, each slightly longer than wide (overall length); eleventh 
segment narrowed suddenly near apical third. Prothorax nearly 1.2 times longer 
than wide including hind angles; sides nearly parallel, slightly sinuate to apical 
third, then slightly angulate and rounded to apex; hind angles very slightly 
divergent, without carina; scattered, larger punctures on apical half in middle, 
interspaces with numerous, fine punctures in middle, punctation on sides obscured 
by scales. Scutellum flat; 1.2 times wider than long; trapezoidal in shape; anterior 
edge definitely indented; posterior edge nearly straight. Elytra nearly 2.3 times 
longer than wide; sides nearly parallel to middle, then gradually rounded to 
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apex; striae obsolete, represented by rows of fine punctures; intervals nearly flat, 
finely and densely punctured, even-numbered intervals narrower than odd- 
numbered ones especially near apex. Front tibia with a brush of long curved 
setae on ventral side; middle tibia with a similar but not so prominent brush; 
proepisternum finely, densely punctured; prosternum similar, but punctures 
becoming finer, sparser in middle, apex with scattered, larger punctures; meta- 
sternum and abdomen finely, densely punctured, punctures becoming slightly 
sparser in middle; hind coxal plate gradually narrowed inwardly. 

Genitalia (Fig. 3) as illustrated; note deep indentation near apex of each 
lateral lobe (difficult to observe, see Fig. 4 for more detail), groove on apical 
portion of each lateral lobe less distinct than on tartarus, and number of teeth on 
sides of median lobe. 

Type Materia. The above specimen bears the following five labels: 
“Arizona”, “coll. Schwarz”, “Typus”, “substriatus Schw.” and “Dtsch. Entomol. 
Institut Berlin”. The determination label is handwritten, presumably by 
Schwarz. The locality label is also handwritten, but not by the same hand as the 
determination label. This specimen is slightly rubbed, but otherwise in perfect 
condition. The rubbed condition may account for the lack of single scattered 
scales on the abdomen as stated in the original description. 


I hereby designate this specimen as the lectotype of Chalcolepidius substriatus 
Schwarz. Since the original description was based on both sexes Schwarz had 
two or more specimens, hence the designation of a lectotype. 


Discussion. I have compared two males of webbii with the lectotype of 
substriatus. These are from Laguna Lake, Imperial County, and Holtville, 
California. They differ from substriatus mainly by being larger, 33.0 and 29.0 
mm. respectively, by having the small scales on the pronotum and elytra more 
bluish or bluish-green, by having the scales on the head and undersides olivaceous, 
and by having nine and 11 teeth respectively on each side of the median lobe of 
the genitalia. Four other males from the same localities have from seven to 12 
teeth on each side of the median lobe, with a maximum individual variation of 
three. The lectotype of substriatus is smaller, 21.0 mm., the small scales on the 
pronotum and elytra are bluish-gray, the scales on the head and undersides are 
golden-brown, and the genitalia have four teeth on each side of the median lobe. 
I have labeled the two males specifically mentioned above as homotypes and 
deposited them in the Canadian National Collection. 

I believe that Casey (1907, p. 29) correctly synonymized substriatus under 
webbii. The material on hand seems to indicate that the California specimens 
have slightly different colored scales. This, however, should not affect the status 
of substriatus and webbii. 


Chalcolepidius tartarus Fall 
Fig. 4 
Chalcolepidius tartarus Fall, 1898, Ent. News 9: 238. Casey, 1907, Can. Ent. 39: 29. 
Chalcolepidius parallelus Schwarz, 1906, Deut. Ent. Zeit., p. 98. 

SYNTYPE OF PARALLELUS. Male. Length 25.0 mm., width 8.0 mm. Body 
robust. Ground color black on disc of pronotum, elytra, and prosternum, rest 
of body very dark brown; body (as seen in natural lighting) covered with small, 
irridescent, greenish scales (bluish on legs) except for following areas, which are 
covered with much larger, whitish scales (although there are a few, scattered, 
small, greenish scales among the whitish ones): lateral one-fourth of pronotum 
except extreme side margin (inner margin of white area straight, not irregular as 
in webbii); narrow, lateral stripe on each elytron including epipleuron, eighth 
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interval opposite epipleuron, and ninth interval from base around apex to suture, 
but not outer half of tenth interval posteriorly from epipleuron; small patch of 
scales at base of each elytron, with a few, scattered, whitish scales along striae 
near base; all of proepisternum; few, whitish scales on ventral side of each femur, 
metepisternum, and hind coxal plate; and lateral one-fourth of abdomen. 


Head slightly concave between eyes; larger punctures separated by slightly 
less than their diameters in concavity and on frons, sparser elsewhere, interspaces 
with numerous fine punctures. Antenna failing to reach apex of hind angle of 
prothorax by about two segments; second segment short, wider than long, 
cylindrical, third segment as long as wide, posterior ventral angle produced; 
fourth segment 1.7 times longer than third (overall length) and 1.1 times longer 
than fifth; fourth to tenth segments serrate, each with posterior ventral angle pro- 
duced, slightly longer than wide, and slightly narrower than preceding; eleventh 
segment of right antenna nearly subdivided, basal part similar to tenth, apical 
part oblong; eleventh segment of left antenna not as distinctly subdivided. Pro- 
thorax 1.3 times longer than wide including hind angles; sides converging slightly 
from bases of hind angles to apical one-fourth, then gradually rounded to apex; 
hind angles slightly more divergent than sides, without carina; larger punctures 
separated by their diameters or more near apex, becoming sparser posteriorly, 
and disappearing about middle on disc and basal third on sides; numerous, fine 
punctures on interspaces near apex, punctures finer, denser along sides posteriorly 
and finer, sparser on median area (fine punctation normally obscured by scales). 
Scutellum flat; 1.3 times wider than long; trapezoidal in shape, anterior edge 
slightly concave, not definitely indented; posterior edge sinuate with slight, 
rounded, median indentation. E lytra 2.2 times longer than wide; sides gradually 
tapering to rounded apex (appears to he more parallel because elytra are spread 
slightly); striae faint, intervals convex, shiny except for scales, finely, densely 
punctured. Proepisternum finely, densely punctured (mostly obscured by 
scales) ; prosternum finely, sparsely punctured at sides, very finely, very sparsely 
punctured in middle, slightly larger punctures near apex, definite transverse 
groove, faint in middle, about two-thirds the distance from front coxae to apex; 
metasternum finely, sparsely punctured with few, scattered, slightly larger punc- 
tures; hind coxal plate gradually narrowed; punctures on abdomen similar to 
those on proepisternum. 


Genitalia (Fig. 4) as illustrated; note deep indentation near apex of each 
lateral lobe, large apical portion with groove on each lateral lobe, and teeth on 
sides of median lobe. 

Type Marertar. The above specimen bears the following five labels: 
“Arizona”, “coll. Schwarz”, “Typus”, “parallelus Sch.” and “Dtsch. Entomol. 
Institut Berlin”. The determination label is handwritten, presumably by 
Schwarz. The locality label is also handwritten, but not by the same hand as the 
determination label. The specimen is badly rubbed, but one can still see the 
basic pattern of scales. Many of the tarsi are missing, namely, the last three seg- 
ments on the left front leg, the last two on the right front leg, all segments on the 
right middle leg, and the tarsi and tibia of the left middle leg. 


I am considering this specimen as a syntype of Chalcolepidius parallelus 
Schwarz rather than designating it as the lectotype, because it is a male and the 
original description specifically referred to the female. However, since Schwarz 
mentioned a variation in size, he must have had two or more specimens. This 
discrepancy in sex could be due to one of the following reasons: (1) Schwarz 
overlooked the fact both sexes were present (although he indicated both were 





rAoanaere Ws 


as 


sli 








XCII THE CANADIAN ENTOMOLOGIST 165 


present for the preceding species, substriatus), (2) this so-called “typus” was not 
part of the original series, (3) the printer erred by omitting the text referring to 
the other sex, or (4) Schwarz had the sexes confused. Since the determination 
label was handwritten, presumably by Schwarz, I am assuming that a male(s) 
was present, but even so, I still believe that it is more proper to designate the 
above male as a syntype in hopes that a female synty pe can be located and so 
designated as the lectoty pe. I have no doubt that the specimen described above 
is the same species as Schwarz described. 


Discussion. I have compared three males of tartarus with the syntype of 
parallelus. One is from Phoenix, Arizona, and the other two are labeled only 
“Arizona”. These specimens do not differ appreciably from the syntype except 
in size, which ranges from 23.0 to 26.0 mm. in length and from 6.0 to 7.5 mm. 
in width, and in having from eight to 13 teeth on each side of the median lobe 
of the genitalia. I have also examined two females, one each from Phoenix and 
Dos Ca Bezos (sic = Dos Cabezas), Arizona. These are also very similar to the 
syntype. I have labeled these five specimens as homotypes and have returned 
two of the males to the U.S. National Museum; one male from “Arizona” and the 
female from Dos Cabezas are deposited in the Canadian National Collection. 
The female from Phoenix has been returned to the personal collection of Mr. 
J. N. Koull. 


In addition I have examined three males and eleven females from Arizona 
and two females from Laguna Lake, Imperial County, California. In the Arizona 
specimens the small scales vary from greenish to bluish in color; two of the 
specimens with bluish scales have the scales on the undersides tinged with purple. 
The size varies considerably: in the males the length ranges from 23.0 to 28.0 mm. 
and the width frem 6.0 to 7.5 mm. and in the females from 23.0 to 39.0 mm. and 
6.5 to 11.0 mm. respectively. The California specimens have the small scales 
even bluer than the bluish Arizona ones. There seems to be little doubt that 
Casey (1907, p. 29) correctly synonymized parallelus under tartarus. 





Aeolus curtipennis (Schwarz), new combination 
Figs. 2, 6 

Drasterius brevipennis Schwarz (not D. brevipennis Candéze, 1881, p. 62), 1903, Deut. Ent. 

Zeit., p. 57. 
Drasterius curtipennis Schwarz, 1906, Wytsman’s Genera insectorum, Fasc. 46: 112. 

LECTOTYPE OF BREVIPENNIS. Female. Length 5.4 mm., width 1.8 mm. 
Body robust. Color reddish-brown, apex of elytra yellowish-brown, head, 
scutellum, abdomen, and following markings on dorsum (Fig. 6) dark brown: 
spindle- shaped, median spot on pronotum, about one-third the width of pro- 
notum, anterior edge truncate, not quite reaching apex of pronotum and strongly 
tapering posteriorly; small, very faint, longitudinal spot on fourth elytral interval 
about half way between subapical band and base of elytra; broad, W-shaped, 
transverse band (does not extend onto tenth interval) on apical third of elytra, 
extending posteriorly along suture to apex. Antennae and _ legs yellowish. 
Pubescence yellowish, moderate. 

Antenna failing to reach apex of hind angle of prothorax by about two and 
a half segments; second segment cylindrical, 1.4 times longer than second; 
fourth to tenth segments slightly serrate, fourth 1.5 times longer than third, twice 
as long as wide; fifth to tenth segments each slightly shorter than fourth. Pro- 
thorax 1.2 times longer than wide including hind angles; sides nearly parallel. 
slightly sinuate on basal two- thirds, then gradually rounded to apex; hind angles 
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long (about one-fifth the total length of prothorax), very slightly divergent, 
each with well-defined carina diverging slightly from side margin; simple, coarse, 
close punctures separated by about half their diameters. Scutellum convex, but 
not conical as in scutellatus (Schaeffer). Elytra 1.9 times longer than wide, 
widest at middle; sides slightly arcuate; striae rather deeply impressed; intervals 
convex, sparsely punctulate, shiny. Undersides nearly as coarsely punctured as 
pronotum, punctures becoming smaller, sparser towards middle. Hind wings 
nonfunctional, about half as long as elytra. Fourth tarsal segment oblique, not 
definitely lobed. 

Internal organs of reproduction (Fig. 2) with bursa copulatrix coiled 12 
times, small spines on first three and last coils; accessory gland coiled back around 
bursa copulatrix, terminating in a tight coil; diverticulum of spermathecal duct 
terminating in a tight coil. 

Type Mareriat. The above specimen bears the following five labels: 

“Alabama D. Speyer”, “coll. Schwarz”, “Typus”, “brevipennis Schw.” and 
“Dtsch. Entomol. Institut Berlin”. The locality and determination levels are 
handwritten, presumably by Schwarz. The specimen is in fair condition, mis- 
sing the right antenna, tibia and tarsus of each left leg, and tarsus on right 
fore leg. 

I hereby designate this specimen as the lectotype of Drasterius brevipennis 
Schwarz. The original description specifically stated that 11 specimens were 
available, hence the use of lectotype designation. 


Discussion. I have compared two females of curtipennis from Williams- 
ville, Missouri, with the lectotype of brevipennis. One is very similar, only 
differing slightly in color pattern, which admittedly varies in most species of 
Aeolus. The other specimen is lighter in color, the elytral markings are less 
extensive, the prothoracic hind angles are comparatively shorter, the elytra are 
more slender, and the bursa copulatrix has only seven coils. I have labeled these 
two specimens as homotypes and deposited them in the Canadian National 
Collection. 

The species of Aeolus, including those listed under Drasterius in Leng’s 
Catalogue (1920, p. 173), are very poorly known. Until they have been studied 
properly it seems best to consider curtipennis a valid species. 


Elathous bicolor (LeConte ) 
Fig. | 
Athous bicolor LeConte, 1853, Trans. Amer. Philos. Trans. (n.s.) 10: 428. 
Leptoschema bicolor (LeConte). Horn, 1885, Trans. Amer. Ent. Soc. 12: 51. 


Elathous bicolor (LeConte). Van Dyke, 1932, Proc. Calif. Acad. Sci. (4th ser.) 20: 358. 
Elathous oberndorfferi Schwarz, 1903, Wiener Ent. Zeit. 22: 207. New synonymy. 


LECTOTYPE OF OBERNDORFFERI. Female. Length 10.2 mm., width 3.1 mm. 
Body somewhat robust. Color reddish-brown, metasternum slightly darker in 


Figs. 1-2. Female internal organs of reproduction. Fig. 1, Elathous bicolor. Fig. 2, 
Aeolus curtipennis,s ACC GL = accessory gland, COLL GL = colleterial gland, 
DSPD = diverticulum of spermathecal duct, TO SP = to spermatheca. 

Figs. 3-5. Male genitalia, ventral view. Fig. 3, Chalcolepidius webbii. Fig. 4, C. 
tartarus. Fig. 5, Ischiodontus schwarzi. 

Fig. 6. Aeolus curtipennis. 

Fig. 7. Map of southeastern United States showing distribution of Ctenicera bivittata 
and allies. Inset showing Great Smoky Mountains National Park. 
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color (probably due to discoloration). Pubescence short, moderately thick, 
almost erect, brownish. 


Head with front raised and triangularly impressed (as in many Athous and 
noticeably more raised and impressed than in discalceatus (Say)). Antenna 
slightly serrate, failing to reach apex of hind angle of prothorax by one seg- 
ment; second segment cylindrical, about twice as long as wide; third segment 
feebly triangular, slightly longer than second, a little more than twice as long as 
wide; fourth segment triangular, 1.2 times longer than third, 1.5 times longer 
than wide; fifth to tenth segments similar to fourth, each becoming very slightly 
narrower. Prothorax 1.1 times longer than wide (including hind angles); sides 
nearly parallel for basal half, then slightly rounded to apex; hind angles slightly 
divergent, each with a strong carina on basal fourth that diverges slightly from 
side margin; punctures slightly umbilicate and separated by one-half their 
diameters on disc, becoming definitely umbilicate, slightly larger, and closer on 
sides (definitely more coarsely punctate than discalceatus); interspaces smooth, 
shiny. Scutellum raised, convex (distinctly more raised and convex than dis- 
calceatus). Elytra 2.2 times longer than wide, widest just behind middle; sides 
straight, slightly divergent to about middle then gradually rounded to apex; 
striae slightly impressed; intervals slightly convex, closely and distinctly punc- 
tulate at base, less so at apex. Undersides except proepisternum with close, 
slightly umbilicate to simple punctures, punctures separated by less than half 
their diameters, interspaces smooth, shiny; proepisternum similar, but punctures 
distinctly umbilicate; hind coxal plate suddenly narrowed at middle. 


Internal organs of reproduction (Fig. 1) without spines and without a 
diverticulum of spermathecal duct. 


Type Mareriat. The above specimen bears the following five labels: 
“Buffalo, N.Y.”, “coll. Schwarz”, “Typus”, “oberndorfferi Schw.” and “Dtsch. 
Entomol. Institut Berlin”. The determination label is handwritten, presumably 
by Schwarz. The specimen is in excellent condition, although the prothorax 
and head have been glued to the rest of the body. 


I hereby designate this specimen as the lectotype of Elathous oberndorfferi 
Schwarz. Although the original description makes no allowance for variation, 
there is no indication as to whether or not Schwarz had more than one specimen. 
Because of this uncertainty I believe it best to specify this specimen as the lecto- 
type rather than assume it to be the holotype. 


Discussion. I have compared four females of bicolor with the lectotype of 
oberndorfferi. One of these was labeled Kelley’s Island, Erie County, Ohio, one 
labeled only “New York” and the other two were from Plummers Island, Mary- 
land. These specimens are virtually identical with the lectotype, differing only 
slightly in size, which ranges from 9.0 to 10.2 mm. in length and from 2.8 to 3. 1 
mm. in width. I have labelled these four specimens as homotypes and returned 
the Maryland specimens to the U.S. National Museum and the Ohio specimen to 
the personal collection of Mr. J. N. Knull. The “New York” specimen is 
deposited in the Canadian National Collection. 


I have also seen two males from Plummers Island. These measure 8.4 and 
8.5 mm. in length and 2.5 mm. in width; otherwise they are very similar to the 
lectotype. 

Van Dyke (1932, p. 358) was mistaken when he stated that oberndorfferi was 
without a doubt a synonym of discalceatus. As noted above, oberndorfferi must 
now be considered a synonym of bicolor. 
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Ischiodontus schwarzi, new name 
Fig. 5 
Ischiodontus parallelus Schwarz (not I. parallelus Candéze, 1859, p- 121), 1906, Deut. Ent. 

Zeit., p. 104. 

LECTOTYPE OF PARALLELUS. Male. Length 10.0 mm., width 2.6 mm. Body 
elongate. Color brown; prothorax slightly darker in color than elytra and 
undersides; antennae and legs slightly lighter in color than elytra. Pubescence 
moderate, semi-erect, yellowish. 


Antenna extending five segments beyond apex of hind angle of prothorax, or 
about .62 times as long as body; second segment small, round, slightly wider than 
long; third to tenth segments strongly serrate, each with ventral posterior angle 
produced and each becoming slightly less serrate, more elongate, and narrower 
than preceding; third segment 1.4 times longer (greatest length) than wide, 
fourth 1.6 and fifth 1.7 times longer than wide. Prothorax 1.2 times longer 
(including hand angles) than wide (at middle); sides nearly straight to apex, 
converging very slightly on apical half, not rounded at anterior angles as in most 
elaterids; hind angles strongly divergent, each with indistinct carina parallel to 
side margin; sparse, umbilicate punctures separated by about their own diameters 
on disc, slightly closer on sides; interspaces smooth, shiny. Elytra 2.9 times 
longer than wide; sides very slightly narrowed to middle, then gradually more 
narrowed to apex; striae lightly impressed, intervals slightly convex, shiny, with 
few scattered punctures. Punctation of undersides of prothorax similar to that 
of pronotum; metasternum and abdomen with smaller, very slightly umbilicate 
punctures, sparser in middle; last abdominal segment almost as long as wide. 


Genitalia (Fig. 5) as illustrated; note shape of apical portion of each lateral 
lobe and basal piece. 


Type Marteriar. The above specimen bears the following five labels: 
“Alabama D. Speyer”, “coll. Schwarz”, “Typus”, “parallelus Schw.” and “Dtsch. 
Entomol. Institut Berlin”. The locality and determination labels are hand- 
written, presumably by Schwarz. The specimen is in excellent condition. 


I hereby designate this specimen as the lectotype of Ischiodontus parallelus 
Schwarz. The original description does not indicate any variation, yet Schwarz 
could have had two or more identical specimens. Because of this uncertainty I 
believe it best to specify this specimen as the lectotype rather than assume it to 
be the holotype. 

Discussion. I have compared three males of schwarzi with the lectotype of 
parallelus, namely, one each from Emory University Field Station, Newton, 
Baker County, Georgia; Clemson, South Carolina; and Welaka, Florida. These 
specimens are very similar to the lectotype except they are slightly darker brown, 
the antennae extend only four segments beyond the apex of the hind angles of 
the prothorax, the hind angles are moderately divergent (even less so in the 
Georgia specimen), and the last abdominal segment is about a third wider than 
long. The genitalia also show some variation in that the Georgia specimen has 
the sides of the basal piece more nearly parallel and the narrowest part of the 
median lobe is well below the apex of the basal piece instead of being directly 
opposite as in the lectotype. The other specimens have the genitalia similar to 
those of the lectotype. I have labeled these three males as homotypes and 
deposited the South Carolina specimen in the Canadian National Collection, 
returned the Florida specimen to Cornell University and returned the Georgia 
specimen to the Howden collection. 
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Except for the fact that Schwarz overlooked Candéze’s earlier usage of 
Ischiodontus parallelus, no one has questioned the validity of this species nor 
does there seem to be any reason to do so. 


Ctenicera bivittata (Melsheimer) and Allies 
Euplastius Schwarz, 1903, Deut. Ent. Zeit., p. 60. New synonymy. 

Schwarz (1903) erected the genus Euplastius to include two new species, 
athoiformis and athoides. He placed Euplastius in the Campylinae, associating it 
with Aplastus because of the short prosternum and exposed ventral mouthparts. 
Later (1907) he placed these genera in the Plastoceridae, and this arrangement 
has been followed by subsequent cataloguers. 

I have examined the types of athoiformis and athoides, and they are without 
a doubt allied to Ctenicera bivittata; in fact, athoiformis must now be considered 
a synonym of bivittata. Notwithstanding the fact that the ventral mouth- 
parts are more exposed than usual, the bluntly pointed metasternum 
between the middle coxae would preclude placing Ewplastius with the other 
plastocerids, all of which have a sharply pointed metasternum. I think it is best 
to synonymize Euplastius under Ctenicera as we now recognize the genus. 
Hyslop (1921, p. 645) designated athoides as the type species of Euplastius. 

I have not recognized any females as belonging to these species; however, | 
have seen a female each of two related west coast species. The female of 
patricia (Van Dyke) is similar to the male in color, but larger and more robust. 
On the other hand, the female of /inearis (Fall) is all black and very much larger, 
although it has the same general characters as the male. 


C. bivittata and allies include those species of Ctenicera possessing the follow- 
ing characters: elongate; length 7.0 to 11.3 mm.,; bicolored — brownish with 
tannish longitudinal stripes on dorsum — pronotum usually with median and 
lateral tan stripes, hind angles always tannish, elytra with one or more tan stripes 
although the brownish areas may be quite light colored obscuring the stripes; 
head with posterior portion as far forward as the middle of the eyes distinctly 
tuberculate; eyes prominent, hemispherical, extending beyond sides of prothorax 
at apex; antennae filiform, extending slightly more than half the length of body; 
pronotum with vague, oval, transverse depression near base of each hind angle, 
ventral mouthparts more exposed than usual; and metasternum rather broad 
between middle coxae, not pointed as in some génera. 


Key to Ctenicera bivittata and Allies 


1. Known only from around Dallas, Texas; hind angles of prothorax (Fig. 13) short and 
rather broad when viewed from above; third antennal segment obviously shorter than 
fourth (from .6 to nearly .7 times as long); length 8.0 to 9.0 mm._- ae 

my: _ athoides (Schwarz) 

Known from the Mississippi River Valley and eastward; hind angles of prothorax 

(Figs. 14, 15) long and narrow when viewed from above; third antennal segment 
nearly as long as fourth (from 8 to .9 times as long) : ¥ 

2. Each elytron (Fig. 14) with only seventh and@ eighth intervals lighter in color; pro- 
thorax proportionally shorter (1.1 to 1.3 times longer than wide, length and width 
measured at median); elytra with large strial punctures usually distinctly separated 
and not connected by grooves; genitalia (Fig. 10) with broad median and lateral 
lobes, basal piece with narrow sides; known from higher elevations in Great 
Smoky Mountains; length 8.0 to 8.5 mm. : knulli, new species 

Each elytron with light colored stripe three or more intervals wide; prothorax 
proportionally longer (slightly over 1.3 to 1.5 times longer than wide, length and 
width measured at median); elytra with small, narrow, strial punctures usually 
close together and connected by groove; genitalia (Figs. 8, 11, 12) with narrow 
median and lateral lobes, basal piece usually with broad | EE : 3 
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3. Longitudinal, median depression on prothorax; fourth or fifth to seventh elytral intervals 
lighter color; genitalia (Fig. 8) with blunt subapical tooth on each lateral lobe; 
known from Alabama, a and Tennessee; best 70 to 8.5 mm. 

eee, bivittata (Melsheimer) 
W ithout Jongitudinal depression on ‘prothorax; ‘fifth or sixth ( to o eighth elytral intervals 
lighter color; genitalia (Figs. 11, 12) with acute subapical tooth on each lateral 
lobe; known from near Ohio River and near Great Smoky Mountains _. — 


+. Known from near Ohio River (Fig. 7); usually second, fourth, and sixth to die 

elytral intervals (Fig. 15) lighter in color, sutural interval always darker in color 

than second; genitalia (Fig. 11) with inner margin of each lateral lobe nearly 
straight on dorsal side; length 9.0 to 11.3 mm, —..______. melsheimeri, new — 

Known from near Great Smoky Mountains (Fig. 7); elytral stripe confined to fifth 

to eighth intervals, sutural interval always lighter in color than second; genitalia 

(Fig. 12) with inner — of each lateral lobe sinuate on dorsal side near base; 
length 8.2 to 10.0 mm. a9 ‘nicntinesitiacniadaniamantisacnnin nh, a aa 


Ctenicera athoides (Schwarz), new combination 
Figs. 7, 9, 13 
Euplastius athoides Schwarz, 1903, Deut. Ent. Zeit., p. 62. 
Ludius robinsoni Knull, 1947, Ent. News 58: 180. New synonymy. 

LecroryPe or aTHomES. Male. Length 8.0 mm., width 2.1 mm. Body 
(Fig. 13) elongate. Color brown; head and elytra slightly tha in color than 
pronotum, hind angles of prothorax, sixth to eighth intervals of each elytron 
except for apical one-fifth, and basal one-fifth of third and fourth intervals tan 
color; undersides except under hind angles of prothorax same color brown as 
pronotum, hind angles tan; legs and antennae same color as brown areas on elytra. 
Pubescence short, inconspicuous, yellowish, more evident on elytra than on 
pronotum. 


Head very shallowly concave between antennae; ridge over each antennal 
base evident and forming a modified carina in front (although carina is not raised 
above clypeus); punctures umbilicate, close in front, closer and becoming slightly 
tuberculate in rear; mandible broad at base, tapering to acute apex. Antenna 
filiform; extending slightly over three segments beyond apex of hind angle of 
prothorax; second to fourth segments more robust than for other species; third 
segment 1.4 times longer than second, .6 times as long as fourth; second and third 
segments together about as long as fourth. Prothorax 1.5 times longer than wide 
(length and width measured at median); sides straight, converging from bases of 
hind angles to apical fourth, then rounded to apex; hind angles very slightly 
more divergent than sides; punctures umbilicate, shallow, close, separated by 
about one-fourth their diameters on disc, slightly shallower and closer on sides; 
hind angles short (Fig. 13), rather broad when viewed from above (especially 
when compared with the other species (Figs. 14, 15); hind angle rather acute, 
turned up slightly at apex, with an indistinct, fine carina diverging from side 
margin and extending to base of hind angle. E ‘lytra 2.6 times longer than wide, 
sides parallel to middle, then gradually “rounded to blunt apex; striae slightly 
impressed, punctures distinct, elongate, narrow (conspicuously narrower than 
those of knulli), and usually connected by shallow, longitudinal groove; intervals 
convex, not distinctly punctulate, rather rugose yet somewhat shiny. Proepi- 
sternum with umbilicate, closely spaced punctures, impunctate beneath hind 
angle; prosternum with umbilicate, not quite so closely spaced, punctures; pro- 
sternal spine narrow, straight from behind coxae, very slightly concave between 
coxae; metasternum and abdomen with simple punctures, quite closely spaced on 
sides, sparser toward middle; hind coxal plate definitely sinuate, narrowed rather 
suddenly in middle. 
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Genitalia (Fig. 9) as illustrated; note narrow median lobe, apical portion of 
each lateral lobe, and wide sides of basal piece. 

Type Mareriat. The above specimen bears the following six labels: 
“Calif.”, “Typus”, “coll. Schwarz”, “athoides Schw.”, “Schwarz det.” and “Dtsch. 
Entomol. Institut Berlin”. The labels “athoides Schw.” and “Schwarz det.” are 
handwritten presumably by Schwarz. The locality label is also handwritten, but 
not by the same hand. The specimen is missing the last four segments of the left 
antenna, left hind tarsus except basal segment, and the last tarsal segment on the 
right hind leg. 

I hereby designate this specimen as the lectotype of Euplastius athoides 
Schwarz. Even though the original description does not allow for any variation, 
not even in size, Schwarz could have had two or more similar specimens. 
Because of this uncertainty I believe it is best to specify this specimen as the 
lectotype rather than assume it to be the holotype. 

I have examined the type of Ludius robinsoni Knull from Dallas County, 
Texas, and it is without doubt the same species as athoides. Since all of the 
specimens that I have seen were collected near Dallas, Texas, it would appear that 
the Schwarz material was mislabeled California instead of Texas. Van Dyke 
(1932, p. 453) postulated that neither athoides nor athoiformis should belong to 
our fauna. Based on my studies this is obviously a mistaken idea; yet it seems 
fairly certain that from all the collecting done in California no one has seen any 
strange species of Ctenicera approaching athoides, thus further substantiating the 
idea that the original material was mislabeled. 


Disrrisution. I have seen 20 specimens of athoides, nine of which were 
taken within 75 miles of Dallas, Texas (Fig. 7); the others were labeled only 
“Tex.”. The nine specimens were collected during late April and May from the 
following localities. Texas: Dallas; Dallas County; Denton; Wolfe City. 


Discussion. C. athoides varies from 8.0 to 9.5 mm. in length and from 2.0 
to 2.5 mm. in width. The ground color varies from brown to light brown, but 
the sixth to eighth elytral intervals are always tan, as is the apical fourth and 
usually the basal sixth of the elytra and the hind angles of the prothorax. The 
genitalia vary slightly in that each lateral lobe may have the apical portion some- 
what longer and the inner margin curved outwardly; the basal piece may be 
subquadrate. / 

C. athoides is readily separated from the other species in the bivittata complex 
by the short and rather broad prothoracic hind angles (Fig. 13), elytral stripe 
occupying the sixth to eighth intervals, and the fact that it is known to occur 
only in the vicinity of Dallas, Texas. The other species have longer and nar- 
rower prothoracic hind angles (Figs. 14, 15), have a variable elytral stripe that 
does not occupy only the sixth to eighth intervals, and are known mostly from 
east of the Mississippi River (Fig. 7). 

I have compared four specimens of athoides with the lectotype. These 
include one each from Dallas, Dallas County, and Wolfe City, Texas, and one 
labeled “Tex.”. These are very similar to the lectotype except that the apical 
fourth and basal sixth of the elytra are tan. The Dallas County specimen has the 
brown areas considerably lighter in color than those on the lectotype. The 
Dallas specimen is slightly larger (length 9.5 mm., width 2.5 mm.). The 
genitalia are similar, varying slightly as noted above. I have labeled these four 
specimens as homotypes and returned the Dallas specimen to Mr. M. C. Lane, the 
Dallas County specimen to the University of Michigan, and the Wolfe City 
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11. MELSHEIMERI 
8. BIVITTATA 9. ATHOIDES 10. KNULLI 








12. MIMICA 








13. ATHOIDES 14 ow 15. MELSHEIMERI 


Figs. 8-12. Ctenicera spp., male genitalia, ventral view. Fig. 8, bivittata. Fig. 9, athoides. 
Fig. 10, knulli. Fig. 11, melsheimeri. Fig. 12, mimica. 

Figs. 13-15. Ctenicera spp., dorsal view (drawn to same scale). Fig. 13, athoides. Fig. 
14, knulli. Fig. 15, melsheimeri. 
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specimen to the U.S. National Museum. The od specimen is deposited in 
the Canadian National Collection. 


Ctenicera knulli, new species 
Figs. 7, 10, 14 

Hotoryre. Male. Length 9.2 mm., width 2.3 mm. Body (Fig. 14) 
elongate. Color brown, dorsum with tan stripes; pronotum with median and 
lateral tan stripes, each about as wide as scutellum, each lateral stripe includes 
hind angle but does not extend quite to side margin; elytra slightly lighter in 
color than rest of body, seventh and eighth intervals tan, stripe continuing around 
to apex, basal tenth tan except behind scutellum, sutural interval slightly lighter 
in color than rest of elytra; antennae brownish, same color as elytra; legs tannish, 
undersides brown except tan hind angles of prothorax. Pubescence short, in- 
conspicuous, yellowish. 


Head similar to that of athoides except ridge over each antennal base not as 
prominent. Antenna filiform; slender, extending four segments beyond apex of 
hind angle of prothorax; third segment twice as long as second, nearly .9 times 
as long as fourth. Prothorax 1.2 times longer than w ide (length and width 
measured at median); sides nearly straight, converging from bases of hind angles 
to apical sixth, then rounded to apex; punctures umbilicate, very shallow, con- 
tiguous; hind angles elongate, not carinate, strongly diverging from side margins. 
. ly tra 2.8 times longer than w ide; sides parallel to middle, ‘then gradually rounded 

» blunt apex; striae not impressed, represented by large, distinctly separated 
we punctures not connected by longitudinal grooves as in other species, 
intervals not as well-defined as in other species due to the large strial punctures, 
intervals slightly convex, does distinctly punctulate, rather rugose yet somewhat 
shiny. Undersides similar to those of athoides except hind coxal plate gradually 
narrowed outwardly. 


Genitalia (Fig. 10) as illustrated; note rather broad median and lateral lobes, 
apical portion of each lateral lobe, and narrow sides of basal piece. 


Type Mareriat. Holotype male:—Great Smoky Mountains National Park, 
Tennessee, alt. 6,500 feet, 6 August 1955, H. & A. Howden (U.S.N.M.).  Para- 
types: —six males from the following localities. Tennessee (Great Smoky Moun- 
tains National Park): same data as holoty pe (1 4,C.N.C., type no. 7215); Cling- 
man’s Dome, alt. 6,600 feet, 20 July 1957 (3 6 6, H.F.H., J.N.K.); Indian Gap, 
24 July 1957, W. R. Richards (1 ¢, C.N.C.); Indian Gap, 5,266 feet, 5 August 
1939, Rehn & Rehn (1 ¢, A.N.S.P.). 


Distrisution. As noted above, knulli is known only. from the higher 
elevations in the Great Smoky Mountains National Park (Fig. 7). It has been 
collected in late July and early August. 


Discussion. The paratypes vary from 8.4 to 9.5 mm. in length and from 
2.0 to 2.4 mm. in width. The ground color is darker brown than the holotype 
on two specimens and slightly lighter brown on another. The tan stripes are 
fairly constant in width except the pronotal stripes are slightly narrowed in one 
specimen and considerably narrowed in another specimen as compared to the 
holotype. All the paratypes have a narrow, apical, tan border on the prothorax. 
The antenna extends from three to four segments bey ond the apex of the hind 
angles of the prothorax; the third segment varies from 1.9 to 2.4 times longer 
than the second and is about .8 times as long as the fourth. The prothorax varies 
from 1.1 to 1.3 times longer than wide (length and width measured at median); 
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one specimen has the hind angles deformed so that they are abruptly divergent. 
The elytra vary from 2.7 to 2.9 times longer than wide. 

The genitalia show some variation; the apical portion of each lateral lobe may 
be larger ‘and more rounded or shorter and less rounded; the sides of the lateral 
lobes are more sinuate in one specimen. One specimen has the genitalia con- 
siderably narrower than those of the holotype and the apical portion of each 
lateral lobe is more flattened, thus making the subapical tooth more prominent. 

Within the bivittata complex knulli does not appear to be closely related to 
any of the other species. The proportionally shorter prothorax, the narrow 
elytral stripe (only the seventh and eighth intervals), and the large strial punc- 
tures, which are ‘usually distinctly separated and without noticeable grooves 
between them, will distinguish knulli from the other species, each of which has a 
proportionally longer prothorax, wider elytral stripe, and small strial punctures 
that are usually connected by a distinct longitudinal groove. The genitalia are 
quite distinct as illustrated, especially the broad median and lateral lobes of 
knulli. This species is named in honor of Mr. J. N. Knull. 


Ctenicera bivittata (Melsheimer ), new combination 
Figs. 7, 8 
Campylus (?) bivittatus Melsheimer, 1846 (1845), Proc. Acad. Nat. Sci. Phila. 2: 219. 
Corymbites bivittatus (Melsheimer). LeConte, 1853, Trans. Amer. Philos. Soc. (n.s.) 10: 
447 (in part). 
Euplastius athoiformis Schwarz, 1903, Deut. Ent. Zeit., p. 61. New synonymy. 

LecroryPe OF ATHOIFORMIS. Male. Length 8.0 mm., width 2.0 mm. Body 
elongate. Color brown; hind angles of prothorax, stripe covering fifth to sev enth 
intervals of each elytron, epipleura, and apical sixth of interv als one to four tan; 
sutural and tenth intervals slightly lighter than ground color but darker than 
stripe; legs same color as sutural interval. Pubescence short, yellowish-gray, 
more conspicuous on elytra than on pronotum. 

Head similar to that of athoides except ridge over each antennal base not as 
prominent. Antenna each broken off beyond second segment (antennae of other 
specimens filiform; extending three to four segments beyond apex of hind angles 
of prothorax; third segment 2.0 to 2.2 times longer than second, slightly over .8 
to .9 times as long as fourth). Prothorax 1.4 times longer than wide (length and 
width measured at median); sides straight, converging from apexes of hind angles 
to very near apex of prothorax; punctures umbilicate, shallow, close, separated 
by about one-fourth their diameters on disc, slightly shallower and closer on 
sides; slight, longitudinal, median depression on posterior half, especially notice- 
able just behind middle to near bases of hind angles; hind angle elongate, quite 

narrow, acute, slightly turned up at apex, with an indistinct, fine carina extending 

forward to just past base. Elytra 2.6 times longer than w ide; sides parallel to 
middle, then gradually rounded to blunt apex; striae slightly impressed, punctures 
distinct, elongate, narrow, and usually connected by shallow longitudinal groove; 
intervals slightly convex, not distinctly punctulate, rather rugose yet somewhat 
shiny. Undersides similar to those of athoides except hind coxal plate slightly 
sinuate, gradually narrowed outwardly. 

Genitalia (Fig. 8) as illustrated; note blunt, subapical tooth on each out- 
wardly curved lateral lobe; lateral lobes curved downward when viewed from 
side. — 

LecroryPe oF BivittaTa. Male. Length 7.6 mm.; width 1.8 mm. Color 
brown; hind angles of prothorax tan; elytra slightly lighter brown, with sutural, 
second, and fifth to eighth intervals except on basal sixth, tenth interval, epi- 
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pleura and apical sixth of third and fourth intervals tan. Otherwise very similar 
to the lectotype of athoiformis except hind angles of prothorax slightly divergent 
from side margin; elytra 2.7 times longer than wide; genitalia with apical portion 
of lateral lobe not as strongly curved outwardly as in Fig. 8. 


Type Mareriat. The above specimen of athoiformis bears the following 
six labels: “Alabama”, “Typus”, “coll. Schwarz”, “athoiformis Schw.”, 
“Schwarz det.” and “Dtsch. Entomol. Institut Berlin”. The labels “athoiformis 
Schw.” and “Schwarz det.” are handwritten, presumably by Schwarz. The 
locality label is also handwritten, but may not be by Schwarz. The specimen 
is missing several appendages including both antennae beyond second segment, 
left front leg except coxa, left middle tibia and tarsus, and last tarsal segment 
of right hind leg. 

I hereby designate this specimen as the lectotype of Euplastius athoiformis 
Schwarz. Since the original description indicates a variation in size (6.3 to 8.0 
mm. in length and 1.5 to 2.0 mm. in width), Schwarz had two or more specimens, 
hence the designation of a lectotype. There is little doubt that this is the species 
described by Schwarz, although this specimen doesn’t quite match every detail of 
the original description. 

Melsheimer gave Virginia as the type locality of bivittata, but the only spec- 
imen of bivittata in the Melsheimer collection at the Museum of Comparative 
Zoology, Harvard College, is simply labeled “Melsh.”. It is missing both 
antennae, except for the basal two segments of the left one, and the last tarsal 
segment of the right hind leg. 

I hereby designate this specimen as the lectotype of Campylus (?) bivittatus 
Melsheimer. Since Melsheimer did not indicate how many specimens he had, I 
am considering the only specimen in his collection as the lectotype even though 
it isn’t quite the same size as given in the description. My reasons for selecting 
this specimen as the lectotype are given in detail below. 

This lone specimen is certainly the same species as the one Schwarz named 
athoiformis, which is known from Alabama to Tennessee, and not the same as 
the Ohio River Valley species as has generally been thought. After careful 
comparison of this specimen, as well as several from the Ohio River Valley, with 
Melsheimer’s description of bivittata, I have concluded that the species from the 
southern states best fits the description. Excerpts from his description include: 
“elytra alternately barred with brown and testaceous”, “4 ], (= 8.5 mm.) long; 
¥%, |. (= 1.6 mm.) wide”, “medial line (of thorax) almost entire, obscurely 
defined” and “(elytra with) lateral and sutural margins and a discoidal vitta, dull 
testaceous”. As noted above the lectotype of bivittata matches this description 
very closely except for size. On the other hand, the series from the Ohio River 
Valley is larger and more robust, ranging from 9.0 to 11.3 mm. in length and 
from 2.3 to 2.9 mm. in width; the pronotum lacks a median groove; and the elytra 
usually have three tan colored stripes, a wide one covering the fifth to eighth 
intervals and two narrow ones that include only the fourth and the second inter- 
vals. The fifth and third intervals are frequently light brown making the elytra 
appear light colored at first glance, but on close examination one can usually see 
that the third and especially the fifth intervals are slightly darker in color; the 
sutural interval is always darker than the second one. 


It must be remembered that at one time the Melsheimer collection was 
incorporated into the general collection at the Museum of Comparative Zoology, 
but later the specimens labeled “Melsh.” and “Ziegler” were separated to form 
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what is now considered the Melsheimer collection. LeConte (1876, p. 35) stated 
that he had all the unique types of Melsheimer in his own collection. There is 
nothing to indicate how many specimens Melsheimer had when he described 
bivittata or, if he had only one, that it is in LeConte’s collection. The first two 
specimens in LeConte’s series labeled bivittata are 10.8 and 9.7 mm. long res- 
pectively and bear pink discs indicating they are from the middle Atlantic states. 
Both of these are the same species that occurs in the Ohio River Valley, but, 
because of their size and other characters mentioned above, they are not con- 
sidered as possible type material. The third and fourth specimens in LeConte’s 
series bear an orange (southern states) and a yellow (mid-west states) disc res- 
pectively; these are the same species as the one in the Melsheimer collection, but 
are not considered as possible type material on the assumption that if LeConte 
did have Melsheimer’s unique type it would have been the first specimen in his 
series. 

Disrrisution. C. bivittata apparently has a more southern distribution (Fig. 
7) than the other species except, of course, athoides from Texas. C. bivittata 
has been collected during the latter half of May. I have seen 12 specimens, 
eight of which were from the following specific localities. Alabama: Coleta, 
Clay County. Mississippi: Greenwood. Tennessee: Memphis. 

Melsheimer gave Virginia as the type locality of bivittata, but, since I have 
not seen any specimens of the bivittata complex from that state, this record 
should be verified before extending the range of bivittata to include Virginia. 

The LeConte collection contains two specimens of bivittata, one of which 
bears an orange disc (southern Atlantic states), the other a yellow disc (mid- 
west states). This last record needs to be confirmed as I have seen specimens 
only from the southern states. 

Discussion. The size of bivittata varies from 6.4 to 9.0 mm. in length and 
\.4 to 2.4 mm. in width. The color of the prothorax varies from uniformly 
brown to brown with a well-marked median and two lateral tannish stripes. The 
tannish elytral stripe may extend over to include the fourth interval and fre- 
quently it is narrowed to include only the sixth and seventh intervals near the 
base; the basal part is also frequently tannish in color. The sides of the pro- 
sheons may be slightly sinuate and the hind angles may diverge slightly from the 
side margins. The elytra vary from 2.6 to 2.9 times longer than wide. 

The genitalia show some variation in that the lateral lobes may be curved 
more outwardly, the outer margins may be more sinuate, the subapical tooth 
may be more acute, but never as pointed as in the other species, and the apical 
—_ of the lateral lobe may be more elongate or shorter than illustrated. 

C. bivittata is most readily separated from the other species by the lon- 
gitudinal depression on the pronotum, as well as by the more southern dis- 
tribution (Fig. 7). The other species do not have a depression on the pronotum 
and are known from Texas, the Great Smoky Mountains, or the Ohio River 
Valley (Fig. 7). The genitalia (Fig. 8) are distinctive, especially the outwardly 
curved lateral lobes, each with a blunt subapical tooth; the other species (Figs. 
9-12) have the lateral lobes straight, each with a sharply pointed subapical tooth. 

I have compared two specimens of bivittata with the lectotype of athoiformis, 
namely, one each from Coleta, Alabama, and Greenwood, Mississippi. These 
specimens differ from the lectotype mainly in size, as the one from Alabama 
measures 7.1 mm. in length and 1.9 mm. in width and the Mississippi specimen 
measures 9.0 and 2.4 mm. respectively. The genitalia of these specimens vary 
as noted above. I have labeled these as homotypes and returned the Mississippi 
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specimen to Mr. M. C. Lane and deposited the Alabama one in the Canadian 
National Collection. 


Ctenicera melsheimeri, new species 
Figs. 7, 11, 15 
Corymbites bivittatus of LeConte, 1853, Trans. Amer. Philos. Soc. (n.s.) 10: 447 (in part). 
Blatchley, 1910, Coleoptera of Indiana, p. 767. 
?Corymbites pyrrbos var. “a” of Candéze, 1863, Monographie des Elatérides, vol. 4, p. 109. 
Ludius bivittatus of Van Dy i 1932, Proc. Calif. Acad. Sci. (4th ser.) 20: 395. 

Hororyre. Male. Length 11.3 mm. (including head that is slightly ex- 
tended), width 2.8 mm. Body (Fig. 15) more robust than other species. Color 
brown with tan stripes; pronotum with narrow, median stripe (half as wide as 
scutellum), each lateral stripe including hind angle extends on basal three- 
fourths but does not extend quite to side margin near apex of stripe; elytra slightly 
lighter brown than pronotum, becoming still lighter apically, second to fourth 
and sixth to eighth intervals tan; antennae and legs same color as base of elytra; 
undersides brown except tan hind angles of prothorax. Pubescence short, 
yellowish-gray, more conspicuous on elytra than on pronotum. 


Head similar to that of athoides. Antenna filiform; extending about two 
and a half segments beyond apex of hind angle of prothorax; third segment 2.1 
times longer than second and .9 times as long as fourth. Prothorax 1.5 times 
longer than wide (length and width measured at median); sides straight, con- 
verging from bases of hind angles to very near apex; punctures shallow, 
umbilicate, nearly contiguous on disc, slightly shallower and closer on sides; 
hind angles each elongate, without carina, definitely divergent from side margin. 
Elytra 2.8 times longer than wide; sides parallel to middle, then gradually rounded 
to blunt apex; striae slightly impressed, punctures distinct, elongate, narrow, and 
connected by a shallow, longitudinal groove; intervals slightly convex, rather 
rugose yet somewhat shiny. Undersides similar to those of athoides except hind 
coxal plate gradually narrowed outwardly. 


Genitalia (Fig. 11) as illustrated; note the narrow, outwardly curved lateral 
lobes, each with a prominent subapical tooth, and the rather short struts on median 
lobe. 

Type Mareriat. Holotype male:—Cincinnati, Ohio, 3 July, H. Soltau 
collection (U.S.N.M.). Paratypes:—42 males from the following localities. 
Ohio: “Ohio” (20 ¢ ¢, M.C.Z., U.S.N.M., A.N.S.P., C.N.C. (type no. 7314), 
M.C.L., C.A.S.); Cincinnati, 25 June (4 ¢ ¢, U.S.N.M.); Cincinnati, June 
(4 8 6, CAS.); Cincinnati (5 6 6, A.N.S.P., U.S.N.M.). Pennsylvania: “Pa.”, 
Liebeck collection (1 ¢, M.C.Z.). West Virginia: Kanawha Station (near 
Parkersburg), 27 June 1918, S. A. Rohwer (1 ¢, M.C.L.). Kentucky: Louis- 
ville, 3 June (2 ¢ ¢, U.S.N.M.). Indiana: “So. Ind.”, 22 June 1890 (1 ¢, 
U.S.N.M.); State Forest in Clark County, 27 June 1937 (1 ¢, C.A.S.). Mis- 
souri: “S. Mo.”, Chas. Schaeffer collection (1 ¢, M.C.L.). I have also labeled 
as paratypes two males in the LeConte collection (M.C.Z.) each with a pink disc 
indicating it came from the middle Atlantic states. 


DistrisuTion. The above specific localities indicate that melsheimeri occurs 
only near the Ohio River, probably from Pennsylvania to Missouri (Fig. 7). 
It has been collected from early June to early July. 

Besides the localities mentioned above, I have also seen two males from Grand 
Chain, Illinois. Blatchley (1910, p. 767) records melsheimeri (= Corymbites 
bivittatus) from Jefferson and Posey Counties in southern Indiana. 
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Discussion. The paratypes vary from 9.0 to 11.0 mm. in length and from 
2.3 to 2.9mm. in width. The color is rather variable but usually is similar to the 
illustration (Fig. 15). The pronotal stripes may be reduced as in the holotype 
or even more so. The fifth elytra] interval is almost alw ays darker in color than 
the adjacent intervals; the third is frequently darker in color than the adjacent 
ones. Occasionally the second and fourth intervals are brown rather than tan, 
but even so they are still lighter in color than the adjacent ones. 


The antenna of the paratypes extends from three to four segments beyond 
the apex of the hind angles of the prothorax; the third segment varies from 2.2 
to 2.4 times longer than the second and from .8 to .9 times as long as the fourth. 
The prothorax varies from 1.3 to 1.5 times longer than wide; the punctures on 
the disc are slightly deeper and spaced farther apart than those of knulli yet 
slightly shallower and closer than those of athoides. The elytra measure from 
2.5 to 2.9 times longer than wide. 


The genitalia vary slightly in the apical portion of the lateral lobe, in the 
length of the struts on the median lobe, and in the proportions of the basal piece. 

C. melsheimeri is readily separated from the other species by larger and 
more robust size, the striped appearance on the elytra (Fig. 15) and because it is 
the only species known from the Ohio River Valley (Fig. 7). The other species 
are usually smaller and less robust, have only one tan stripe on each elytron 
(Figs. 13, 14), and have a more southern distribution (Fig. 7). 


Ctenicera mimica, new species 
Figs. 7, 12 


Ho.orype. Male. Length 10.0 mm., width 2.4 mm. Body elongate. 
Color brown, dorsum with tan stripes; head and pronotum slightly darker in color 
than elytra; color pattern very similar to that of knulli (Fig. 14) except elytral 
stripe wider to include fifth to eighth intervals, sutural interval slightly lighter 
in color than second one; underside of prothorax same color as head except pos- 
terior margin of each episternum including hind angle tannish. Pubescence short, 
inconspicuous, yellowish. 

Head similar to that of athoides except ridge over each antennal base not 
prominent. Antenna filiform; slender; extending three and a half segments 
beyond apex of hind angle of prothorax; third segment twice as long as second 
and .9 times as long as fourth. Prothorax 1.4 times longer than wide (length 
and width measured at median); sides nearly straight, converging from bases of 
hind angles to apical sixth, then rounded to apex; punctures umbilicate, shallow, 
separated by one-third their diameters on disc, shallower and closer on sides; hind 
angles elongate, slightly divergent from side margins, not carinate. Elytra 2.9 
times longer than wide; sides parallel to middle, then gradually rounded to blunt 
apex; striae impressed, punctures distinct, usually connected by a shallow, lon- 
gitudinal groove; intervals slightly convex, distinctly punctulate, quite smooth 
and shiny. Undersides similar to those of athoides except hind coxal plate 
gradually narrowed outw ardly. 

Genitalia (Fig. 12) as illustrated; quite similar to those of athoides; how- 
ever, note sinuate inner margin of each lateral lobe near base on dorsal side. 

Type Mareriat. Holotype male:—Mills River, North Carolina, 13 June 
1951, H. F. Howden, malt (C.N.C., type no. 7214). Paratypes:—11 males from 
the following localities. North Carolina: “N.C.”, Liebeck collection (1 ¢, 
M.C.Z.); Balsam, 26 June 1956, W. Rosenberg (1 4, J.N.K.); Mills River, 11 
June 1952, H. F. Howden (1 ¢, J.N.K.); Mt. Sterling, Haywood County, Alt. 
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3,000 feet, Van Dyke collection (1 4, C.A.S.); Spence Field, “e: Smoky 
Mountains National Park, 13 August, Bullock and Dreisbach (1 4, J.N.K. ). 
Tennessee: Great Smoky Mountains National Park, near Gatlinburg. alt. 1,500 
feet, 28 June 1947, R. H. Whittaker (1 ¢, H.F.H.), alt. 2,700 feet, 21 July 1947, 

R. H. Whittaker (1 4, I.N.HLS.), alt. 5,500 feet, 18 July 1947, R. H. W hittaker 
(1 ¢, C.N.C.), Cade’s Cove, R. R. Dreisbach (1 ¢@, J.N.K.); Great Smoky 
Mountains (1 4, J.N.K.); Gatlinburg, R. C. Osburn (1 4, J.N.K.). ’ 

DistripuTion. As noted above, mimica is known from the Great Smoky 
Mountains National Park and surrounding area (Fig. 7). It has been collected 
from the middle of June to the middle of August. 

Discussion. The paratypes vary from 8.6 to 10.0 mm. in length and from 
2.2 to 2.6 mm. in width. The brown color varies slightly, but the color pattern 
is quite Constant. The antenna extends between three and four segments beyond 
the apex of the hind angle of the prothorax; the third segment varies from 1.9 to 
2.3 times longer than the second and from .8 to .9 times as long as the fourth. 
The elytra vary from 2.7 to 2.9 times longer than wide; the strial punctures are 
wide and not connected by a longitudinal groove in one specimen; the intervals 
may not be distinctly punctulate or rugose. The subapical tooth on the lateral 
lobe of the genitalia may be slightly recurved instead of projecting outwardly 
and the struts of the median lobe may vary in length. 

C. mimica is most closely related to melsheimeri; mimica occurs in the Great 
Smoky Mountains, has the sutural interval of the ely tra alw ays lighter in color 
than the second one, and has the inner margin of each lateral lobe of the genitalia 
sinuate near the base of the dorsal side. On the other hand, melsheimeri is 
known from the Ohio River Valley, has the sutural interval darker in color than 
the second, and has the inner margin of the lateral lobe almost straight on the 
dorsal side. 


Unplaced specimens 

I have seen two specimens that belong to this complex, but I am reluctant 
to attempt to name them at present. One is from W ayah Bald, Macon County, 
North Carolina; it resembles knulli, but the color pattern is similar to that of 
mimica. The genitalia of this specimen are quite different from those of the other 
species. The other specimen is from Benton County, Arkansas, and looks very 
much like mimica, but the genitalia are similar,to those of bivittata. These may 
represent other species, but additional material is needed to evaluate them 
properly. 


Summary 

Seven of the ten North American elaterid types of Otto Schwarz were 
restudied. Chalcolepidius substriatus and parallelus were correctly synonymized 
by Casey under webbii LeConte and tartarus Fall respectively. Drasterius brevi- 
pennis, renamed curtipennis by Schwarz and now placed in Aeolus, and Ischio- 
dontus parallelus, herein renamed schwarzi Becker were considered valid species. 
Elathous oberndorfferi was considered a synonym of bicolor (LeConte) rather 
than of discalceatus (Say) as in the past. 

In revising Ctenicera bivittata (Melsheimer) and allies, Schwarz’s genus 
Euplastius was sy nonymized with Ctenicera; one of his two species, athoides, was 
ee a valid species, and the other, ‘athoiformis, a synonym of bivittata. 

robinsoni (Knull) was synonymized under athoides. Three new species, 
rai melsheimeri and mimica were described. The male genitalia were illus- 
trated and a map showing the distribution of the species included. 
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Of the remaining three species described by Schwarz, Drasterius minor was 
considered a valid species of Aeolus, Corymbites trapezicollis was left as a 
synonym of Perissarthron trapezium (LeConte), and Athous exclamationis was 
synonymized under ornatipennis (LeConte). 
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Life History of a Pine Sawfly, Neodiprion sp., at Willits, California 
(Hymenoptera: Diprionidae)’ 


By D. L. Dauisten 


University of California, Berkeley, California 


Neodiprion sawflies are economic pests in pine plantations in eastern and 
southern United States and eastern Canada. While not a serious problem in 
California at the present time, they will probably become so with the advent of 
more intensive forest management. 

Little is known of the species present in California. The only specific study 
was that concerned with the Neodiprion abietis complex on white fir in 1952 
(Struble, 1957). Miscellaneous data are available from the survey records of the 
Pacific Southwest Forest and Range Experiment Station, Berkeley. 

The present investigation was initiated in 1957 by the Agricultural Experi- 
ment Station at the University of California supported in part by the 1. B. 
Walker Foundation of Minneapolis. The objectives of this program include the 
determination of the sawflies attacking young conifer stands, particularly planta- 
tions, in California, their biologies and control. This report describes the life 
history and habits of a Neodiprion sawfly attacking Pinus ponderosa Douglas and 
P. jeffreyi Greville and Balfour. P. radiata D. Don is an occasional host. 

The study area is located in Mendocino County, four miles south of Willits, 
California, at an elevation of approximately 1500 feet. The plantation was estab- 
lished in 1939 with seedlings supplied by the Pacific Southwest Forest and Range 
Experiment Station, Institute of Forest Genetics at Placerville, California. The 
ponderosa and Jeffrey pine planted at this time were grown from seed collected 
at various altitudes in El Dorado County. Two other species of pine, P. radiata 
D. Don and P. coulteri D. Don, were present from an earlier planting, but the bulk 
of the stand was composed of approximately 400 ponderosa and Jeffrey pines. 
The soil was very hard with a dense mating of grass. The litter beneath the trees 
was quite shallow being one to two inches deep. 

The sawfly was first reported in this area in 1954 by S. Gossard (unpublished 
survey report, Pac. Sthwst. For. & Rge. Expt. Sta. U.S. For. Service, Berkeley, 
California) and has been collected at the plantation cach year since that time. 


Materials and Methods 

The field studies were conducted at Willits from August, 1957 to August, 
1959 at frequent intervals. Groups of ponderosa and Jeffrey pine were sampled 
periodically throughout the area. Miscellaneous collections were made from 
Monterey and Coulter pine. 

Larvae were reared at Berkeley on three-year old ponderosa and Jeffrey pine 
seedlings. These were grown in cans and kept out-of-doors. Larvae were also 
reared in the laboratory in Petri dishes. Needle bundles wrapped with damp 
absorbent cotton and placed in water-filled vials provided fresh foliage for the 
larvae. The combination of field and laboratory rearing permitted the collection 
and segregation of the different instars. Limited studies were made of the effect 
of constant temperature on larval development. 


Taxonomic Status 
The taxonomic status of the genus Neodiprion, although extensively treated 
by various authors, is still inadequate. Sawflies from Willits were determined 
as Neodiprion demoides Ross by B. D. Burks of the U.S.N.M. in 1956 (C. B. Eaton, 


1From a thesis submitted to the Graduate Division, University of California, in partial fulfillment of the 
requirements for the M.S. degree. This research has been supported in part by the T. B. Walker Foundation. 
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1958, pers. comm.). However, subsequent specimens from the same locality have 
been determined as Neodiprion sp. by Burks, and there is some indication that it 
may be a new species. Until the taxonomic status is determined, the distribution 
is uncertain. ‘The taxonomy of this genus can be aided by biological information 
and this report and future, more refined studies, should help in clarifying the 
situation. Specimens of Neodiprion sp. from the Willits plantation have been 
placed in the collection of the California Insect Survey of the University of 
California and the Pacific Southwest Forest and Range Experiment Station, 
Berkeley, California. 


Description of Life Stages 
Egg: The egg is small, oblong, somewhat flattened dorsally and curved dorsad 
on the ventral surface. It is placed in a niche cut in the needle with the dorsal 
surface toward the slit (Fig. 4.1). The color is opaque milky-white until the 
eye spots and mandibles become apparent. The larval body darkens during 
development and segmentation is apparent through the translucent shell. The 
average length of 96 eggs was 1.73 mm., average width 0.57 mm. 


Larva: The terminology used is that of Middleton (1921) (Fig. 1). The species 
described here has five feeding instars and a sixth non-feeding instar. This is not 
true of all species in the genus Neodiprion (Middleton, 1921, Warren and Coyne, 
1958). The physical measurements of the larval instars are presented in Table I. 
The colors described are of living larvae, the physical details of preserved iarvae. 
First instar: The head capsule is white at eclosion except for the light to dark 
brown mandibles and a black ring around the eyes (Fig. 4.1). The capsule 
darkens through shades of brown, becoming shiny-black in from 50 minutes to 
two hours (Fig. 4.2). The head capsules of all the feeding instars darken in a 
similar manner., The sclerotized portions of the thoracic legs darken in the 
same way but in a shorter time. At eclosion the larva is a velvety, dark olive- 
green, but when feeding commences the color becomes a lighter green. A fine 
greenish-white mid-dorsal line extends from behind the head through the eighth 
abdominal segment. The venter is also greenish- -white; the rest of the body is 
almost uniformly dark green. There are no spines visible on the body in this 
instar. The atrial lips of the spiracles are large and black, the spiracular area 
white. 

Second instar (Fig. 4.3): The general body color is a lighter green than the 
first instar but still fairly dark. The larva has a velvety appearance just after 
ecdysis. The whitish mid-dorsal line is considerably wider, extending into the 
dorsal area, and extends from the prothorax through the ninth abdominal segment 
and occasionally the epiproct. From the dorsal to the spiracular area the body 
is a uniform dark green; the whitish- -green spiracular stripe is more evident but 
not as definitive as in later stages. It is fragmentary on the thoracic segments. 
The epipleural and plural areas are also dark green to the venter which is white. 
Small spines are present over the whole body. The atrial lips of the spiracles are 
a lighter shade of black than in the first instar. 

Third instar: The color and striping are similar to the second instar except for a 
further widening of the mid-dorsal line to include most of the dorsal area, and a 
stronger delineation of all the stripes. Occasionally the spiracular stripe is com- 
plete on the thoracic segments. The body spines are larger and more distinct, 
the atrial lips medium gray-brown. 

Fourth instar: The mid-dorsal stripe has broadened even further, covering 
practically all of the dorsal surface. The subdorsal, laterodorsal and supra- 
spiracular areas are moderately distinct in varying shades of green; broad dark 
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Fig. 1. Diagrammatic sketches of abdominal segments showing the areas that are used in 
the description of the larvae. (After Middleton, 1921). 


1.1—Lateral view of an 1.2—Cross section 5—spiracular 
abdominal segment. of abdomen. 6—epipleural 

Explanation of symbols: Explanation of symbols: 7—pleural 
PSA—postspiracular area MD-middorsal 8—hypopleural or 
SP—spiracle 1—dorsal lateroventral 
SA—spiracular area 2—subdorsal 9—adventral 
PREP—preepipleurite 3—laterodorsal 10—ventral 
PSEP—postepipleurite 4—supraspiracular MV—midventral 


HYPOP—hypopleurite 


green, narrow greenish-white, and broad dark green in that order. The subdorsal 
and supraspiracular stripes are fused at the prothorax and epiproct so that the 
laterodorsal stripe ends at the mesothorax and ninth abdominal segment. The 
spiracular stripe is now a solid greenish-white from the posterior of the head to 
the anus. The epipleural stripe is light green to greenish-white, the pleural dark 
green; neither of these stripes is complete in the thorax. There is a medium dark 
green triangle on the venter of the mesothorax between the prothoracic and meso- 
thoracic legs. This may overlap onto the pro- and metathorax. The pleural 
stripe fuses with this triangle. The preepipleurites are whitish with prominent 
black spines. Spines are prominent on the rest of the body region also. The 
atrial lips of the spiracles are much lighter than previously being medium-gray to 
tan; in some larvae they are indistinguishable. The venter is whitish except for 
the triangular area on the mesothorax. 


Fifth instar (Fig. 4.4): The fifth instar is clearly distinct from the fourth by the 
sharply defined striping from the prothorax through the ninth abdominal segment. 
The mid-dorsal stripe is wider, as is the laterodorsal separating the subdorsal and 
supraspiracular stripes. The epipleural stripe is occasionally fragmented on the 
abdominal segments. The pleural stripe is dark green like the supraspiracular, 
extending from the venter of the thorax to the eighth abdominal segment. The 
hypopleurites occasionally have splotches of green on them on segments two 
through eight. The body spines are prominent and the atrial lips of the spiracles 
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TABLE I 
Body y length and head =) widehs @ of f Willits saw fly. 

















Body length mm. Head capsule width mm. 
Instar No. {i Fe ee See: ee Se eee te Eee 
| Meas’d. | 
Range | Mode | Range _Mean SE: 
I 136 2.5- 6.0 3.0 0.52-0.70 0. 59 0. 0029 
II 100 4.0- 8.0 6.0 0.73-0.91 0.82 0.0049 
III 101 3.5-14.5 | 10.0 1.01-1.27 | 1.14 0.0050 
IV; 138 6.0-17.5 | 14.5 1.33-1.66 | 1.47 0.0156 
Ve 63 12.5-25.0 | 24.0 1.69-1.87 | 1.80 0.0047 
VI¢ 21 13.0-17.0 | 15.0 1.35-1.61 | 145 | 0.0154 
VIQ- 31 14.0-21.0 es 18.0 1.64 , 1.74 0.0119 


‘Includes V instar muiibe as it was impossible to segregate them. 


are whitish with a few light tan spots. The spiracular opening is delineated by 
a fine brown line. Just prior to ecdysis the larva undergoes a color transition 
from a green to brownish hue. During this change it could be confused with the 
paler fourth instar larva. 

Sixth instar (Figs. 4.5; 4.6): This is a non-feeding instar, easily distinguished 
from the fifth. The head capsule and thoracic leg joints are white at ecdysis 
darkening to a light brown rather than black as in the earlier instars. The black 
ring around the eyes is therefore evident throughout the instar. The general hue 
of the larvae is brown rather than green and the mid-dorsal stripe is again very 
narrow. The subdorsal stripe is much narrower and there is a noticeable break 
at the third and fourth abdominal segment; on these segments there are dashes of 
the stripe color, dark brown. The laterodorsal stripes are wider, the pleural 
stripes have degencrated to dark brown spots on the postepipleurites of segments 
2-8. The atrial lips of the spiracles are usually whitish but occasionally are a 
light mottled brown. The spines are less conspicuous. 


Head capsule measurements: Attempts to fit the data from measurements of head 
capsule widths of various lepidopterous and hymenopterous larvae to mathematical 
formulae met with varying success (Dyar, 1890; Miles, 1931; Taylor, 1931; Ghent, 
1956). The practical value of such a technique is obvious. The data on head 
capsule widths for the sawfly at Willits (Table 1) were plotted and a linear 
regression calculated using the method of least squares (Fig. 2). The correlation 
coefficient was 0.998, significant at the five percent level. The data are compar- 
able to those for Neodiprion pratti banksianae Rohw. (Ghent, 1956). This is 
rather surprising as the Willits sawfly has five feeding male instars whereas the 
Jackpine sawfly has only four. As it was not possible to separate the fifth instar 
males from the fourth, these are combined. The two are presented for comparison 
in Table II. 


Only the five feeding instars were considered in computing the regression 
line as the head capsule width of the sixth or prepupal larva is the same or smaller 
than that of the fifth instar. It is obvious that there is no increase in head capsule 
size between the fifth and sixth instar. It was not possible to segregate fifth instar 
males from fourth instar larvae; the separation of fifth instar females was made on 
the basis of size alone. This undoubtedly contributed to the bimodality of the 
fourth instar histogram and possibly increased the calculated mean somewhat. 
The range for sixth instar larvae is from the smallest fourth to the largest fifth 
instar larva, indicating that fifth instar males probably have much the same size 
distribution as the fourth instar. As there is no apparent sex difference in fourth 
instar larvae, only careful rearing of marked individuals can resolve this point. 
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Fig. 2. Linear regression of mean head capsule widths of Neodiprion sp. at Willits, Cali- 
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long (X=7.7 mm.) and 3.0 to 3.5 mm. wide (X=3.3 mm.). 


Pupa: The pupal stage lasts only two to three weeks. The exarate pupa is white, 


darkening prior to eclosion (Fig. 4.7). 


1.963 






Cocoon: The cocoon is spun by the sixth instar or prepupal larva. The shiny, 
tough cylinder is rounded at the ends and is usually medium brown, but whitish, 
thin walled cocoons are occasionally found. Cocoons one year old or older are 
a much darker brown. The sex of the imago can be determined with great accur- 
acy from cocoon size. Female cocoons are from 9 to 11.5 mm. long (x=9.7 mm.) 
and 3.5 to 5 mm. in breadth (x=4.3 mm.), whereas male cocoons are 6.0 to 8.5 mm. 
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TABLE II 


A comparison of the observed mean head capsule width of two species of sawflies and the com- 
parison of the observed mean of the Willits species with a mean calculated from linear regression 




















(mm.). 

Neodiprion sp. from Willits N. pratti banksianae Roh.* 

Instar Observed Calculated | % error @bserved Diff. from x 

of Willits sp. 
First 059 | 0557 | $9 058 = | ~0.01 
Second 0.82 0.864 5.1 0.84 +0.02 
Third 1.14 1.171 2.6 1.15 +0.01 
Fourth 1.47! 1.478 0.5 1.44 | —0.03 
Fifth? 180 1.785 08 | 173 | ~0.07 














'These measurements may include fifth instar males. 
2?Measurement for females only. 
3PData from Ghent, 1956. 


Imago: The adults are typical for the genus. The female is distinct from the 
male in size, color, and form of antennae. 

Female: The females are robust, six to nine mm. long (X=7.4 mm.). The 
head is golden-brown with small black areas around each of the three ocelli. The 
antennae are black, serrate, with 19 to 20 segments. The dorsum of the thorax is 
a lighter brown than the head but with a mottled gray hue. The dorsal sutures 
form a fine brown cross. The venter of the thorax is similar except that the 
sutures are not colored. The legs are a uniform yellow-brown. The dorsum of 
the abdomen varies from dark to light brown with a slightly mottled appearance. 
The venter is light green on living specimens but this changes to yellowish-brown 
after death. , 

Male: The smaller, trim males vary in length from five to seven mm. (X=6.1 
mm.). The head and thorax are shiny black. The black, bipectinate antennae 
are covered with coarse, black hair and have 21 to 22 segments. The mouth parts 
are pale tan except for the mandibles which are brownish-black, the coxae are 
black, the rest of the legs light yellow-brown. The dorsum of the abdomen is 
black, the venter is black in some, reddish-brown in others. 


Life History and Habits 


Life cycle: The univoltine life cycle of the sawfly at Willits is illustrated dia- 
grammatically in Fig. 3. The adults emerge from mid-October to early Novem- 
ber. Copulation is not necessary for oviposition and both activities may occur 
within a short period of emergence. The eggs are deposited in rows of slits cut 
into the pine needle (Fig. 4.1) by the female and remain in these slits over winter, 
until mid-March or April. The newly hatched larvae feed in groups on the 
needles in outermost tips, skeletonizing the needles in the early stages (Figs. 4.2; 
4.3) later devouring them completely (Fig. 4.4). As the larvae mature the 
gregarious feeding habit becomes less pronounced. The larvae drop to the 
ground through the latter part of May and early June to spin the cocoon. The 
majority of cocoons are found in the duff and litter but some may be found as 
deep as two inches in the soil. The pupal stage occurs within the cocoon (Fig. 
4.7) probably in late September or early October and emergence follows in mid- 
October and early November. 

Adult behavior: The adult cuts a circular cap at one end of the cocoon with its 
mandibles in order to emerge. The cap usually falls off but may remain attached; 
if attached the cocoon resembles those from which a bombyliid parasite, Villa 
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FIG. 3.1 











FIG. 3.2 


Fig. 3. Schematic representation of life cycle of the sawfly at Willits, California. 3.1— 
Life cycle. 3.2—Duration of larval instars. The sixth instar larva spins a cocoon within 1-2 
days after ecdysis. 


(Hemipenthes) sinuosa (Wiedemann) has emerged. The sawfly adults are active 
immediately after emergence. 

It was assumed that males emerged prior to the females as has been reported 
with other species (Struble, 1957; Warren and Coyne, 1958) but laboratory 
rearings and field observations indicate that the emergence of both sexes is almost 
simultaneous. 

The females, upon emergence, fly immediately to pine foliage not necessarily 
of the tree under which they emerged. Once in the tree crown, female flight 1 is 
limited to short flights from tip to tip, presumably seeking oviposition sites. Upon 
reaching a twig tip, the female walks up and down the needles, stopping often 
to stroke her abdomen with her metathoracic legs. Periods of activity are 
frequently followed by inactive periods near the base of needles w here their 


Fig. 4. Life stages of Neodiprion sp. at Wiilits, California. 4.1 (3x)—Eggs and newly 
emerged first instar larva. The long series of closely spaced eggs is typical of this species. 
The larva is feeding near the egg niche. 4.2 (3.5x)—First instar larvae congregated on a single 
needle shortly after eclosion. 4.3 (2x)—Actively feeding group of second instar larvae show- 
ing skeletonizing of needle. 4.4 (2x)—Actively feeding fifth instar larvae. 4.5 (2x)—Sixth 
instar larva emerging from cast skin. 4.6 (4x)—Prepupal larva from cocoon. 4.7 (4x)—Pupa 
from cocoon. (Photographs 4.1, 4.6, and 4.7 courtesy Pacific Southwest Forest and Range 
Experiment Station). 
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coloration makes the females difficult to see. Both females and males are diurnal 
and inactive during cloudy periods. 

The males are very active fliers, darting in and out of the tree crown and 
from tree to tree at great speed. Upon locating a female, the male moves about 
rapidly, touching her with his antennae. Eventually the male mounts the dorsum 

the female, and faces in the opposite direction of the female to copulate. 
Capaletion may continue for as long as 100 minutes. Males mate with a single 
female more than once and with more than one female. Females also will mate 
with more than one male. 

The sex ratio of all cocoons collected at Willits was 1.22 males to 1 female 
but this varied about a 1.1 ratio over the period of study. 

Copulation i is not necessary for oviposition by the females. Searching behavior 
and oviposition were apparently the same in mated and unmated females under 
laboratory conditions. The eggs are deposited in slits on the outer rounded edge 
of the needle (Fig. 4.1) and the location of the rows of eggs on needles indicated 
that the Willits sawfly lays her eggs while hanging from a needle. According 
to Ghent (1955, 1959) this behavior gives the Neodiprion sawfly greater stability 
during oviposition. Eggs are usually laid on needles on the current year’s grow th, 
occasionally on one to two year old foliage and rarely on older ‘foliage. Egg 
deposition 1 is always preceded by a trial or “practice” slit within 5 cm. of the needle 
base. This behavior has also been noted for Neodiprion burkei Middleton (Burke, 
1932) and N. lecontei (Fitch) (Benjamin, 1955). This trial slit is usually smaller 
than the egg slits varying from 1.01 to 1.98 mm. The egg slits of 172 eggs varied 
from 1.76 to 2.31 mm. with a mean of 2.07 mm. The female then proceeds up 
the needle, cutting slits in the needle with her saw and depositing an egg in each 
slit. This continued often to within 8.0 mm. of the needle tip but may stop as far 
as 40 mm. from the tip. There was always a distinct separation on the needle 
varying from 2.96 mm. to 14.0 mm. between the ‘ ‘practice” slit and the first 
normal egg slit. The normal egg slits were separated by distances varying from 
0.16 to 0.84 mm. Occasionally wider separations, up to 7.5 mm., occurred, 
probably when more than one female oviposited on the same needle or when a 
female was disturbed during oviposition. If there was no disturbance during 
oviposition a female would lay all her eggs on one branch tip. After oviposition 
is completed, the female goes to the base of a needle and remains quiescent until 
death. The longevity of males and females appeared to be one week or less. 

The number of eggs deposited in each needle where oviposition took place 
was from 1 to 44 on ponderosa pine (X=17.1) and 4 to 52 on Jeffrey pine (x=: 
22.2). The average number of eggs laid per needle regardless of host was 18.8. 
It is estimated that each female is capable of ovipositing between 60 to 80 eggs 
under captive conditions. The actual number produced by each female is not 
known. Ten females induced to oviposit on potted pine trees laid from 7 to 81 
per tip, an average of 47.2 eggs per female. There was considerable disturbance 
and predation of females by spiders on potted pines in Berkeley (Microneta sp., 
Araneus Sp., and Theridion sp. (det. by W. J. Gertsch, 1959)). From 6 to 200 
eggs per tip were found in the field, an average of 61.4 per tip. 

It is assumed that this figure is representative of one female’s capabilities. 
Two potted pines placed in the sampling area produced 50 eggs on one tip and 
87 on another. It was not possible to determine the difference in egg production 
between mated and unmated females. 

Egg development: Eggs are easily located immediately following oviposition as 
there is an accumulation of green needle shavings at the end of the egg slit. This 
is soon blown or washed away however and the eggs are practically invisible until 
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the egg niche turns brown. The eggs show no external changes during the winter 
months but in March they begin to swell forcing the edges of the slit apart. The 
eggs swell noticeably four or five days prior to the emergence of the first instar 
larvae. The forcing apart of the edges of the niche allows the small first instar 
larva to emerge. Occasionally the opening was not large enough and caused 
mortality of the larva. 

The eggs seemed to be distributed randomly over the tree. That is, there 
was no concentration of eggs with regard to height i in the tree crown nor aspect. 
There was some preferences for the smaller trees in the sampling area. 


Larval behavior. First instar: The first instar larvae emerge from the eggs from 
mid-March to mid-April; peak emergence occurs about the first of April. As 
would be expected eclosion is later in shaded areas than in the open. The duration 
of the first instar was six to eight days. 

The larva upon eclosion usually remains at the egg niche and feeds along the 
edge of the needle (Fig. 4.1). It then congregates with other larvae at the needle 
tip and they may stay on this needle from one to two days feeding lightly. They 
then migrate to other needles and feed in groups of 6 to 8. These form a ring 
close to, and facing, the tip of a needle but feed downward. However, in addition 
to this typical group, up to 17 additional larvae may be found feeding on the same 
needle in close proximity and facing in either direction (Fig. 4.2). There is con- 
siderable variation in the number of individuals in each feeding group. Larvae 
wander from group to group within the branch tip but the number of groups 
remains relatively constant. Occasionally additional feeding groups are formed 
on fresh needles by larvae migrating from the original groups. Usually a feeding 
group will stay on a needle until it is completely skeletonized. 

Second to fourth instar: The second to fourth instar larvae feed in successively 
smaller groups presumably because of their larger size. The larvae continue to 
skeletonize needles until they are well into the third instar. From this stage on 
they devour the entire needle. The duration of these instars is: second, 6 to 8 
days; third, 4 to 5 days; fourth, 7 to 9 days. 

Fourth instar larvae feed in groups of three and four per needle. The larvae 
also migrate longer distances, primarily caused by food shortages. Partially 
defoliated tips were not uncommon, suggesting that other factors may be involved 
in dispersal. 


Fifth instar: The duration of the fifth instar is from 7 to 10 days. They are 
commonly found two to a needle although larvae feeding singly are not uncommon 
(Fig. 4.4). The gregarious feeding habit is maintained within tips and branches. 
As the fifth instar larvae approach ecdysis they cease feeding and begin to wander 
about the tip. They then become quiescent; their bodies darken in color and 
shrink in length. The number of feeding instars in the genus Neodiprion may 
be equal for male and female larvae as in this species and others (Middleton, 1921) 
or one less for the males (Ghent, 1956; Hetrick, 1941; Warren and Coyne, 1958). 
Sixth instar: The sixth instar larva remains quietly on the needle after ecdysis. 
This non-feeding larva continues to shrink until it drops to the ground and spins 
the cocoon. It usually spins a cocoon within 24 to 36 hours. At Willits the 
cocoon is more commonly found in the duff or litter and is seldom found more 
than two inches beneath the soil surface. 


All the larvae moult in the same manner. They wrap themselves around a 
needle and wriggle free of the moult skin, which remains attached to the needle 
(Fig. 4.5). The cast skins of the first two instars are not attached as securely 
because of their smaller size and soon fall from the needle. 
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TABLE III 


Mean development time (days) of larvae at different constant temperatures. 


Instar 
remp No 

. Larvae Total 

First Second Third Fourth Fifth Sixth Days 
15 21 10.5 11.5 9.8 » 13.6 1.0 53.5 
20 25 5.4 4.6 4.2 §.7 8.8 1.0 29.7 
5 34 4.8 4.8 3.5 3.0 6.1 1.0 23.2 
30 10 5.0 2.9 3.6 3.8 5.4 1.0 21.7 


A typical reaction of the Neodiprion larvae to a disturbance is to rear up on 
their prolegs throwing their heads back. A group of larvae reacting simul- 
taneously in this way resembles an open flower. This extremely rapid reflex 
motion serves as a protective or defense mechanism. A larval parasite, Olesicampe 
sp., was observed to have been put to flight by this maneuver. If the disturbance 
was violent the larvae would crawl toward the base of the needle or drop to the 
ground. Another protective mechanism of the larvae was to align themselves 
on the underside of needles during rainy weather. 

Although it was observed that larvae which fell to the ground attempted to 

return to the tree crown, no purposeful migration such as described by Benjamin 
(1955) was noted. At Willits there was never a food shortage, which apparently 
is the cause of such larval migrations. 
Cocoon and pupal stage: The cocoons remain in the duff or soil for about four 
and a half months, the hottest period of the year (June to mid-October). The 
prepupae remain quiescent in the cocoon (Fig. 4.6) until two or three weeks prior 
to emergence when transformation to the pupa takes place (Fig. 4.7). There was 
no evidence that adults emer ged from cocoons two or three years old as has been 
reported for other Neodiprion species (Burke, 1932; Struble, 1957). 


Laboratory studies of development 

Larvae were successfully reared and showed no particular preference between 
the primary hosts—ponderosa and Jeffrey pine. Only late instar larvae were 
reared on Monterey pine but these were offered no food choice. 

The effect of temperature on larval dev elopment time was determined (Table 
III). Other limited experiments indicated that temperature also has a profound 
effect on the duration of time spent in the cocoon stage and in success of emer- 
gence. The most favorable constant temperature range was 20°C to 25°C. 


Natural Enemies 

Parasites 

The parasites found in this study were all from cocoon collections in 1957 
and 1958. Although the percentage parasitism was apparently high in these years 
(42 and 55 percent respectiv ely) these figures are probably misleading as the “total 
emergence, host and parasites was only 14 and 9 percent respectively. Seven 
parasite species were collected and some biological information is included for 
each species. 
Cleptes purpuratus Cresson (Hymenoptera: Chrysididae) — This parasite is a 
common one on sawfly larvae (Muesebeck et al., 1951) and has been recorded 
from the N. abietis complex in California (Struble, 1957). The parasite forms a 
white, silken cocoon, flattened on one end, about half as large as the host cocoon. 
Emergence is made through the flattened end of the parasite chamber and just 
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off-center of the sawfly cocoon. At least two species of undetermined hyper- 
parasites were found attacking Cleptes, the only incidence of hyperparasitism 
found in this study. The life cycle of C. purpuratus appears to be complex. 
Adults emerged from cocoons collected in 1957 in December, 1957; January, 1958; 
and the fall of 1959. Several parasites are still alive in their cocoons at this writing 
(March, 1960). Cocoons collected in 1958 yielded adults in March and June, 
1959 and several are still in the larval stage. 
Olesicampe sp. (Hymenoptera: Ichneumonidae) — These are probably a new 
species but have been described as “near” O. lophyri (Riley) (L. M. Walkley — 
pers. comm., 1958). The genus is a common one on sawfly larvae (Muesebeck 
et al., 1951; Raizenne, 1957). They either parasitize the egg or early instar larva 
of the sawfly. The parasite cocoon within the host cocoon is light brown or tan 
and membraneous. ‘The meconium is not in pellet form but is a black amorphous 
mass at the base of the host cocoon. The parasite emerges by cutting a neat 
circular hole at one end about one-half the size of the host emergence hole. 
Emergence occurred in a 12-day and 10-day period in 1957 and 1958, concurrent 
with sawfly emergence. 
Cryptus sp. (Hymenoptera: Ichneumonidae) — Nothing is known of the habits 
of this genus but Cryptus species have been recorded from Diprion sawfly, Lepi- 
doptera and other Ichneumonidae (Muesebeck et al., 1951). This may be the 
first occurrence of this parasite in Neodiprion species (Sailer, R. 1. — pers. comm., 
1959). The emergence hole is similar to that of Olesicampe sp. in size but the 
edges of the hole are rougher. The meconium is black and in pellets but not 
connected in any way. 
Exenterus sp. (Hymenoptera: Ichneumonidae) — The parasite cocoon is white to 
light brown and of a papery texture. The emergence hole is intermediate in size 
between those of Olesicampe and Cleptes and is just off-center at the end of the 
host cocoon. The meconial pellets are small, black, and ovoid, strung together 
in groups of three to five by a thin strand of meconium. Species of the genus 
Exenterus are well known as parasites of sawfly larvae (Finlayson, 1960). 
Mastrus argeae (V iereck) (Hy menoptera: Ichneumonidae) — Only a single speci- 
men of this species was reared. It is probably a larval parasite (Muesebeck et al., 
1951). M.argeae has been recorded from several species of Neodiprion (Raizenne, 
1957; Warren and Coyne, 1958). Finlayson (1960) described the appearance of 
the host cocoon after emergence of this parasite. 
Villa (Hemipenthes) sinuosa (Wiedemann) (Diptera: Bombyliidae)—This species 
has been recorded as a Neodiprion parasite by several authors (Hetrick, 1941, 
Benjamin, 1955; Brooks, 1952; Warren and Coyne, 1958; and Finlayson, 1960). 
The larvae feed externally on the sawfly prepupa within the cocoon. Upon 
emergence the parasite pupa cuts a hole leaving a lid; the pupal skin is pulled 
outside of the host cocoon leaving the cocoon completely empty. If the lid is 
not present the emergence hole looks almost the same as a Neodiprion emergence 
hole. However, the cocoon from which a saw fly had emerged has remnants of 
the prepupa within it. Occasionally a sawfly will leave a hinged lid on a cocoon 
so it is important to examine the contents of the cocoon for positive identification. 
Diplostichus hamatus (Aldrich and Webber) (Diptera: Larvaevoridae)—This 
parasite is a common parasite of sawflies (Benjamin, 1955; Warren and Coyne, 
1958; Finlayson, 1960). Baldwin and Coppel (1947, 1949) described the biology. 
The egg is fastened in the fold of the host integument. The first stage parasite 
larva constructs a sclerotized respiratory funnel between the egg and the interior 
body wall of the host. The presence of this parasite is readily observed as a large 
discolored area forms around this funnel. The emerging parasite also cuts a 
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circular hole in the end of the host cocoon, leaving a hinged lid, but the hole is 
much smaller than that of the sawfly or Villa (Hemipenthes) sinuosa (Wied.). 
The small brown parasite puparia remains in the host cocoon. 


Predators 

Many visible signs of predation have been observed but it was not possible 
to conduct any detailed studies. Suspect predators include rodents, lizards, and 
raphidid larvae. Spiders have been observed and collected preying on sawfly 
larvae both at Willits and in the insectary at Berkeley. The species of spiders 
collected at Willits were determined by W. J. Gertsch as follows: Oxypes scalaris 
Hentz, Araneus displicatus Hentz, Metaphidippus aeneolus Curtis, Philodromus 
sp., Xysticus sp., Metepeira sp., and Linyphiidae (undetermined genus). The 
species found at Willits were not the same as those previously mentioned as preying 
on the sawflies in Berkeley. Their potential as predators seems high as a single 
spider was observed to destroy a single feeding colony of approximately 50 sawfly 
larvae. W. J. Gertsch of the American Museum of Natural History (pers. comm., 
1959) stated that most of the species collected were aerial forms that spin webs 
and stay close to them. However, at least three, Xysticus, Philodromus and 
Oxypes, are vagrant types that wander over vegetation and actively pursue prey. 
Disease: Only one mortality-causing disease has been isolated from this saw fly 
to date. This has been identified as Beauvaria bassiana (Bals. ) Vuill. globulifera 
strain (Laboratory of Insect Pathology, University of California). This disease 
appears continuously in laboratory and field colonies. Helminthosporium sp., a 
secondary entry, has been isolated from dead larvae from the field and an uniden- 
tified gram-negative rod in laboratory-reared larvae. 

A high percentage of unexplained mortality was observed in cocoons collected 
and brought in from the field for rearing. Dead prepupae, pupae and adults of 
the host and dead parasites were dissected from cocoons. Furniss and Dowden 
(1941) reported a similar high mortality for which they could offer no explanation. 


Summary 

The life history of Neodiprion sawfly in California, which attacks ponderosa 
and Jeffrey pine is described. It is believed to be a new species. It is a univoltine 
insect; emergence takes place in mid-October to early November. Eggs are 
deposited in uniform rows on the pine needles, up to 52 per needle. The eggs 
overwinter; first instar larvae emerge in mid-March. Larval development is 
completed by mid-June. There are five feeding instars and one non-feeding 
instar prior to pupation. The pre- pupal larvae aestivate in a cocoon on the ground 
from May to November. Pupation occurs throughout October and early 
November. Biological notes of feeding behavior and of the known parasites are 
also presented. 
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Observations on Arthropod Predators of the European Pine Shoot 
Moth, Rhyacionia buoliana (Schiff.) (Lepidoptera: Olethreutidae), 
in Ontario 


By J. A. JumLier 
Entomology Research Institute for Biological Control 
Research Branch, Canada Department of Agriculture 
Belleville, Ontario 


In studies on introduced parasites of the European pine shoot moth, Rbya- 
cionia buoliana (Schiff.), in Waterloo County Reforestation Area, near Elmira, 
Ontario, casual observations showed that some stages of the shoot moth were 
attacked and eaten by several arthropods. Preliminary studies were initiated in 
1958 on population estimates and feeding activity of five predatory groups and 
were resumed on a larger scale in 1959 with six groups. Results of these studies 
are described below. 


Methods 
Populations of arthropods are difficult to estimate because of the great varia- 
tion in activity caused by changing weather conditions. However rough esti- 
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mates can be obtained by making collections on a standard type day, such as a 
clear, warm day, as close as possible to a regular interval. Fourteen collections 
made at regular intervals and without regard to weather conditions were obtained 
by beating a tree under which a tray had been placed, covering half the projection 
of the tree on the ground. The arthropods falling on the tray were immediately 
placed in alcohol. Each collection was from six red and six Scots pine trees. 
Six additional collections were made on standard type days by cutting pine 
branches selected from various levels within the tree crowns so that an adequate 
representation was obtained from two red and one Scots pine trees in each col- 
lection. Each cut branch was immediately shaken over a tray and all arthropods 
collected; this was followed by a visual inspection of the branch to count the 
stages, such as the egg, that were not dislodged. 

Members of all predatory groups were kept in small cages in the laboratory 
and were regularly supplied with living shoot moth in the stages susceptible to 
attacks. A 27-cubic foot cage used to simulate the natural environment proved 
adequate for the study of robber flies. In the field, observations were made 
regularly on the feeding habit of each group during the periods of greatest 
vulnerability of the shoot moth, and notes were taken on other aspects, such as 
choice of feeding site and environment preferred. 


Results 
Araneida 

The spider population was estimated to be about 19 individuals per pine tree 
(averaging seven feet in height), with a range of four to 56. It was low in mid- 
summer when adult shoot moths were av ailable, and high in early and late summer. 
The population consisted mainly of jumping spiders (Salticidae), crab spiders 
(Thomisidae), sheet-web weavers (Linyphiidae), and orb weavers (Argiopidae). 
Other families irregularly present in small numbers were: Dictynidae, Tetragna- 
tidae, Theridiidae, ‘and Uloboridae. 

In the laboratory, members of the eight families mentioned above were 
fed mature migrating larvae, exposed pupae, but mainly adult shoot moths. The 
spiders killed and fed upon most of the adults available. Under similar conditions, 
wandering spiders of the fainilies Salticidae and Thomisidae killed three times 
as many adults as web spinners of the family Argiopidae. 

Members of the Liny phiidae, Salticidae, and Thomisidae were frequently 
seen preying upon the adults in the field, and a Phidippus sp. (Salticidae) once 
fed on an exposed pupa. A survey of 100 webs of a Linyphia sp. (Linyphiidae) 
(at an average of two webs per tree) on each of five consecutive mornings gave 
a total of 22 webs with one to three shoot moths per web; the remaining webs 
had none. Observation showed that a moth hitting a web frequently escaped 
before the spider could reach it, while all wandering spiders seen with moths 
succeeded in killing them. 

During the peak of the shoot moth flight, jumping and crab spiders were 
most frequently seen near the tip of exposed shoots and sheet-web weavers along 
or between new shoots where the shoot moth lays most of its eggs. 


Hymenoptera 

Aside from adult parasitic Hymenoptera which sometimes prey on shoot 
moth larvae or pupae, the only predacious Hymenoptera studied were ants 
(Formicidae). Population estimates ranged from one to 47 ants per tree, with 
an average of 12. The population was fairly uniform throughout the summers, 
but was mainly concentrated on trees that had aphid colonies. Three subfamilies 
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were noted: Formicinae (Formica), Myrmicinae (Aphaenogaster), and a few 
irregularly present Dolichoderinae (Tapinoma). 


In the laboratory, members of Formica and Aphaenogaster fed upon migrat- 
ing larvae, pupae, and adult shoot moths. They always succeeded in killing 
larvae and pupae that they attacked, but were seldom successful in overcoming 
the adults. They were frequently observed in the field entering infested shoots 
and killing the larvae or pupae inside. Ants also attacked shoot moth adults in 
the field, but rarely succeeded in killing them. 


Coleoptera 


Coccinellids were the only predacious Coleoptera observed feeding on the 
shoot moth. The population was very low, ranging from six adults per tree in 
early summer to rare in mid summer, with an average of one adult per tree. A 
number of species were noted, of which the most common were Coccinella tri- 
fasciata Muls. and C. transversoguttata Kby. Smaller numbers of C. novemmotata 
Hbst., Adalia frigida (Schn.), Brachyacantha ursina F., Anatis mali Auct., and 
other less common species were also observed. 


In the laboratory, adults of A. mali attacked and ate webbed and migrating 
mature shoot moth larvae and adults, although they were not alw ays successful 
in OV ercoming the latter stage. Adults of B. ursina fed voraciously on young 
migrating larvae. Larvae of both these coccinellids died of starvation rather 
than feed on shoot moth eggs or young larvae. In the field, adults of B. ursina 
were observed feeding on young migrating larvae, but were not efficient in 
finding their prey. 

Coccinellid larvae and adults were most commonly collected on trees with 
aphid colonies. 


Hemiptera 


Three families of predacious Hemiptera were observed: Reduviidae, Nabidae, 
and Pentatomidae. The population was very low, ranging from four per tree 
to rare, with an average of two; the pentatomids were the least abundant, the 
other two being equally numerous. The total adult population was fairly con- 
stant throughout both seasons. 


In the laboratory, the three families were predacious on the shoot moth: 
ny mphs of the pentatomid Chlorochroa persimilis Horv. fed upon eggs and young 
migrating larvae, and adults upon mature larvae; young reduviid (Simea diadema 
F.) and nabid (Nabis subcoleoptratus Kirby ) nymphs preyed on young migrating 
larvae, and older nymphs of these species upon larger larvae and pupae, but 
mainly on adults. In the field, both nabid and reduviid species preyed on any 
active insects, adult parasites and shoot moths alike, and thereby probably 
reduced their usefulness as biological control agents. 


Pentatomid adults were found only occasionally on pine trees and were 
more often observed on surrounding deciduous trees. Reduviids were found 
mainly on pine trees, and nabids appeared to prefer herbaceous vegetation. 


Neuroptera 


Chrysopidae was the only family of Neuroptera observed as a predator of 
the shoot moth. Very few specimens of this family were obtained with the 
collecting methods used, although adults appeared to ‘be as abundant as those of 
the coccinellid and hemipterous predators combined. The adults were fairly 
common throughout both seasons. 
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No shoot moth predation was observed in the field. For laboratory studies, 
adult lacewings (probably Chrysopa sp.) were collected and placed’ in cages 
with pine twigs for oviposition. After the eggs were laid, they were on 
singly in separate dishes and, as they hatched, shoot moth eggs or young larvae 
were supplied. Five lacewing larvae completed their larval stage in 11 to 16 
days, each feeding upon an average of 120 eggs and 26 young shoot moth larvae. 
However, this rate of shoot moth predation would not take place in nature 
because shoot moth eggs are laid sporadically and young larvae soon become 
unavailable by boring into needles or buds. 


Diptera 

The only species of Diptera observed was the asilid Asilus paropus Walk. 
which was fairly abundant during the first half of the shoot moth flight period 
when its population was comparable to that of the hemipterous predators. 


In the cage, 13 flies devoured up to six moths a day each with an average 
of three. In the field, they frequently attacked and fed upon shoot moth adults 
but also adults of the shoot moth parasites, thereby probably reducing their 
beneficial influence. 


Conclusion 

Percentage predation can not be estimated, but the stages of the prey 
most susceptib )le to predation are the more easily investigated. Of the six groups 
of arthropods feeding on various stages of R. buoliara, five attack the ‘odelra. 
five the larvae, three the pupae, and two the eggs. The adults are the most sus- 
ceptible because, in contrast with the larvae which bore inside needles or buds, 
they are free-living throughout their life and thus are always vulnerable to the 
predators. The larvae are the next most susceptible as they are attacked by ants 
even in their burrows and by five groups of predators while migrating in summer 
and spring. Neither the eggs nor the pupae are attacked to any significant 
extent, though the eggs being exposed on the needles are theoretically more 
vulnerable than the pupae. Spiders appear to be the most effective predators 
because of their greater abundance and the numbers of stages they attack, fol- 
lowed in order of importance by ants, bugs, robber flies, lacewings, and 
coccinellids. 

The present study indicates that spiders and ants exert more control on R. 
Luoliana than some parasites such as Trichograwnna minutum Riley, Habrocytus 
sp., and others 


Summary 
Population estimates and feeding studies of six groups of arthropods observed 
preying upon various stages of the European pine shoot moth, Rhyacionia 
buoliana (Schiff. ), in Ontario showed that spiders are the most important 
predators, especially of the adults, followed by ants on larvae, bugs on larvae and 
adults, robber flies on adults, lacewings on eggs, and coccinellids on young larvae. 
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Revision of the aureolus Group of the Genus Philodromus 
(Araneae: Thomisidae) in North America’ 


By C. D. DonvaLe 


Research Station, Canada Department of Agriculture 
Kentville, Nova Scotia 


Introduction 


Spiders of the genus Philodromus Walckenaer have the flattened body and 
laterigrade legs of all Thomisidae, or crab spiders, yet lack most of the specializa- 
tions of the more ty pical genera in the family. The latter, which comprise the 
subfamily T homisinae, are characterized by strong, heavy bodies, prominent eye 
tubercles, a marked disparity between the length “of legs I and II as opposed ‘to 
that of III and IV, rotund abdomens, and a slow gait (Gertsch, 1939). In Philo- 
dromus and throughout the Philodrominae we find a lithe, anoeth body that is 
weakly spined and covered with soft, recumbent hair (Fig. 22). The legs are 
slender and nearly equal in length. These spiders ty pically lead an active, pre- 
datory life on surfaces and in crevices of woody plants. They are able to exploit 
this type of habitat largely because their legs are equipped with well-developed 
scopulae and claw tufts. 


The aureolus group is composed of nine relatively large species in which, 
usually, only the lateral eyes of each row are seated on tubercles, and in which 
the external genitalia are simple and uniform. A single member, P. cespiticolis 
Walckenaer, is holarctic in range. This species is closely related to the palearctic 
species P. aureolus Clerck, the oldest member of the group (on a worldwide 
basis), and from which the group takes its name. Three of the species are trans- 
continental, or nearly so, in the Temperate zone (pernix Blackwall, praelustris 
Keyserling, cespiticolis); two are found only in the western mountains (califor- 
nicus Keyserling, spectabilis Keyserling). Another pair ranges over the Great 
Plains and eastern States (vulgaris (Hentz), keyserlingi Marx), and the two re- 
maining, according to present knowledge, are strictly eastern species (barrowsi 
Gertsch, laticeps Key serling). The group is not known to be represented i 
Greenland, Newfoundland, or the West Indies. 


In addition to the usual qualitative characters used in defining crab-spider taxa 
(Gertsch, 1934, 1939; Comstock, 1940; Kaston, 1948; Millot, 1949), a series of 
body measurements is here included for mature males and females of each species. 
An attempt was made to measure 20 individuals of each sex, but paucity of 
material resulted in smaller samples in some species. The mean and standard 
deviation are given in millimetres. Specimens were selected from various parts 
of the range of each species so as to make the samples as representative as possible. 


The six measured characters are as follows: 


1. Total length. Meaured from anterior extremity of carapace to tip of 
abdomen along the mid-dorsal line. An unusually variable character 
because of elasticity of the abdomen. 


2. Cephalothorax length. Measured from anterior to posterior extremity of 
the cephalothorax, along the mid-dorsal line of carapace. 


3. Cephalothorax width. Measured at point of greatest width of carapace, 
usually found in vicinity of coxae II and III. 


4. Femur II length. Measured along upper surface of the segment. 


1Contribution No. 1046, Research Station, Canada Department of Agriculture, Kentville, Nova Scotia. 
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Ocular quadrangle length. Measured from the posterior rim of one of 
the posterior median eyes along an imaginary line parallel to the long axis 
of the body, to an imaginary line drawn through the anterior rim of both 
of the anterior median eyes. 


6. Ocular quadrangle width. Measured from the outer rim of one of the 
posterior median eyes to that of the other. 


Definition and Diagnosis of the aureolus Group 


Total length about 4-6 mm. (males) or 5-8 mm. (females). Carapace approxi- 
mately as long as wide, sometimes nearly circular in dorsal view; usually smoothly 
rounded over the top from all sides, and rather low; sides usually dark grey or 
brown, the median part pale with a brown streak at the mid-line and with 
irregular side margins. Eyes usually without conspicuous white marginal rings; 
posterior lateral eyes, and occasionally the anterior laterals as well, seated on 
inconspicuous tubercles; posterior medians closer to the laterals than to each other; 
ocular quadrangle averaging 0.30-0.50 mm. long and 0.40-0.75 mm. wide | aeare 
orly. Legs always relatively longer and more slender in males than in females; 
femur | typically with three erect dorsal spines; femur II averaging 3.2-4.8 mm. 
long (males) or 2.7-4.7 mm. (females); segments usually speckled with brown, 
and banded with brown to black at ends. Abdomen widest just behind middle, 
broadly angular at tip; dorsal pattern composed of a dark, median heart mark 
and a series of dark chevrons, the chevrons sometimes interrupted at the mid- line 
or through each half by a longitudinal stripe. 

Tibia of male palpus always longer than wide; the lateral apophysis spurlike, 
or truncated and with a hook of variable proportions at the upper corner; the 
ventral apophysis nearly always short, hard, and pointed. Embolus arising as an 
enlargement of the prolater ral or prolatero-distal part of the bulb, forming a 
rounded arc proximally, more gently curved distally; distal part slung within a 
colourless membrane that arises distad and prolaterad of the bulb; a large seta. 
probably sensory in function, situated on the bulbal wall near the tip of the 
embolus when the latter is in resting position. 


Epigynum of female typically with a conspicuous median plate externally, 
which is narrowed in various degrees along the sides anteriorly; the paired open- 
ings situated one each side of the narrowed part, and leading to the elongate, 
curved ducts (exceptions: cespiticolis and laticeps, in which the median plate is 
depressed, the openings lying at the sides of the depression). Spermathecae oval 
to pear-shaped, lying adjacent to the genital groove, and usually separated from 
each other by about twice the diameter of one of them. 


As thus defined, the aureolus group is quite distinct from other elements in 
the genus. The best diagnostic characters are found in the external genitalia. 
In males, these characters are (1) the membranous sling that supports the embolus, 
(2) the sensory seta near the embolus tip, and (3) the enlarged base of the embolus. 
In females, the principal characters are the shape of the median plate of the 
epigynum, which is ty pically prominent and is distinctly narrowed anteriorly, 
and the shape and posterior position of the spermathecae. In both sexes, usually 
the lateral eyes alone are seated on inconspicuous tubercles, and the carapace is in 
most species nearly equal in length and width. In contrast to this, the species of 
the rufus group have small tubercles under all of the eyes except the anterior 
medians, and a carapace that is clearly elongated; in females, the spermathecae are 
variously shaped and extend well forward of the genital groove. 
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Key to Species of the aureolus Group 
Lateral apophysis of male palpal tibia an elongate spur of about the same width 
throughout (Figs. 10, 14). Median plate of epigynum depressed anteriorly or 
throughout most of its length 2 
Lateral apophysis of male palpal tibia abiher broad aa cman or with two unequal 
points, the lower point usually much larger than the upper. Median plate of epigynum 
never depressed 3 
Ventral apophysis of male palpal tibia in two parts, a short, hard, outer one and a 
longer, softer, inner one (Fig. 7). Embolus rather angular (Fig. 6). Ducts of 
epigynum funnel shaped and arched away from the mid-line (Figs. 27, 40). Colour 
predominantly light brown 8. cespiticolis Walckenaer 
Ventral apophysis of male palpal tibia a single, blunt piece (Fig. 25). Embolus long 
and evenly curved. Ducts of epigynum looped (Figs. 31, 42). Colour of carapace 
reddish, of abdomen purplish. Patellae with a longitudinal black line along retro- 
latero-ventral surface 9. laticeps Keyserling 
Tibia of male palpus distinctly less than twice the length of the patella. Lateral 
apophysis a pointed spur, or, if truncate, with a hooked tooth on upper corner. 
Median plate of epigynum concavely narrowed in anterior third or half. Ocular 
quadrangle usually more than 0.36 mm. long (males) or more than 0.40 mm. (females) 
Tibia of male palpus about twice length of patella. Lateral apophysis broad as long, 
practically square at end. Median plate of epigynum slightly narrowed near the 
middle of its length, also slightly narrowed at anterior end (Fig. 26). Ocular quad- 
rangle usually not more than 0.36 mm. long (males) or more than 0.40 mm. (females). 
Western in range - 7. spectabilis Keyserling 
Embolus with swellings on outer cniifer' inner side of middle of curve (Figs. 1-3, 23), 
usually abruptly narrowed at this point. Epigynal ducts with well-developed terminal 
lobes. Carapace usually over 2.5 mm. wide (males) or over 3.3 mm. (females) 6 


t+ 


Embolus of male a simple curve without swellings, although a large curved flange 
(Fig. 24) may be present. Ducts without terminal lobes (Figs. 35, 43). Carapace 
usually under 2.5 mm. wide (males) or under 3.3 mm. (females) 
Embolus 7 simple, tapered curve (Fig. 5). Lateral apophysis nearly erect, as broad 
as long, terminating in two nearly equal teeth (Fig.-12). Median plate of epigynum 
narrow, concave at sides, slightly narrowed at anterior end (Fig. 28). Ducts usually 
bootshaped (Fig. 35). Femur II under 3.8 mm. long (males) and under 3.5 mm. 
(females). Ocular quadrangle of female less than 0.60 mm. wide posteriorly 

4. keyserlingi Marx 
Embolus with a curved flange at its base (Fig. 24). Lateral apophysis a sloped prong 
with merely a suggestion of an upper tooth (Fig. 15). Median plate of epigynum 
broad posteriorly, strongly narrowed in anterior third or half (Fig. 33). Ducts not 
bootshaped. Femur II over 3.8 mm. long (males) and over 3.4 mm. (females). 
Ocular quadrangle of female usually more than 0.60 mm. wide posteriorly 

1. pernix Blackwall 
Ground colour of body and legs pale, usually with brownish pattern. Abdomen not 
greatly elongated. Femora without dorsal longitudinal bands. Eye area not raised _. 7 


Ground colour of body and legs blue-grey or grey-brown. Abdomen long and 
narrow, with a prominent blackish heart mark. Femora with a pale dorsal longi- 
tudinal band. Eye area raised above the surrounding part of manus. Range in 
southeastern United States : = _ 5. barrowsi Gertsch 
Lateral apophysis of male palpus large, broad as long, truncate or nearly so, usually 
with a small hook on upper corner (Figs. 16, 17). Ducts long and thin, terminating in 
prominent, conical lobes (Fig. 39) 2. vulgaris (Hentz) 
Lateral apophysis of male palpus broadly forked (Fig. 13), or formed of a long 
prong with the upper tooth reduced (Figs. 8-21). Ducts thick and tubular, usually 
short and not greatly curved 8 
Embolus distinctly narrowed in distal half (Fig. 1), due to presence of swellings on 
both sides. Median plate of epigynum never concave in posterior half or two-thirds. 
Body dark ; .. 3. praelustris Keyserling 
Embolus barely narrowed on outer side of curve (Fig. 2), with a tiny swelling on 
inner side. Median plate of epigynum usually concave in posterior half or two- 
thirds and with an angular = in front of this on each side (Fig. 34). Body 
usually pale —— 7 , .. 6. californicus Keyserling 








202 THE CANADIAN ENTOMOLOGIST March 1961 


1. Philodromus pernix Blackwall 
Figs. 15, 24, 33, 43 
Philodromus pernix Blackwall, 1846, Ann. Mag. Nat. Hist. (Ser. 1) 17: 38. Female. 
Philodromus signifer Banks, 1892, Proc. Acad. Sci. Philadelphia 44: 59. Pl. 3, Fig. 20 
Philodromus vulgaris, Emerton, 1928. Univ. Toronto Studies (Biol. Ser.) 32: 45. Not vulgaris 
(Hentz). 
Philodromus wyomingensis Gertsch, 1934, American Mus. Novitates 707: 18, Fig. 17. Male. 
New SynonyMy. 
Levi and Levi, 1951, Zoologia 36: 230. 
Roewer, 1954, Katalog der Araneae 2 (Prt. 1), p. 790. 
Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4): 3588. 
Philodromus praelustris, Procter, 1946, Biological Survey of Mount Desert Region, Prt. VII: 526 
(in part). Not praelustris Keyserling. 

Male.—T otal length 5.2 + 0.57 mm.; cephalothorax 2.3 + 0.25 mm. long -_ 
2.3 +0.27 mm. wide. Femur II 4.0 + 0.12 mm. long. Ocular quadrangle 0.41 + 
0.045 mm. long and 0.53 + 0.021 mm. wide posteriorly. Seven male iporiane 
were measured. Carapace nearly circular in dorsal view, with a broad, pale, 
median band that begins at posterior rope and extends forward to the “cervical 
groove”, where it forms a white V. A pale brown area, in front of the V, extend- 
ing to posterior row of eyes and between the posterior median eyes, and including 
within it the area of the anterior medians. Posterior lateral, posterior median, and 
anterior lateral eyes usually enclosed in a dark brown area that is continuous with 
the brown bands along sides of carapace, and which forms a transverse loop be- 
neath the anterior medians. Anterior border of front pale. A brown steak pre- 
sent along mid-line in posterior part. Legs long and thin, with large brown bands 
near middle of femora. Dorsum of abdomen with a conspicuous brownish-purple 
stripe at the mid-line in the anterior half and several pairs of oblique, black bars 
posteriorly. Anterior stripe flanked by a white area that tapers to anal lobe. 
Sides of abdomen dark grey to black. Venter pale. 

Tibia of palpus armed laterally with a pointed apophysis that has only a 
suggestion of an upper tooth ( (Fig. 15). Embolus with a thin, curved flange at 
its base (Fig. 24). 

Female.—Total length 1.63 mm.; cephalothorax 2.9 + 0.34 mm. long 
and 2.9 + 0.34 mm. wide. Femur II 4.0 + 0.37 mm. long. Ocular quadrangle 
0.45 + 0.040 mm. long and 0.69 + 0.054 mm. wide posteriorly. Eighteen female 
specimens were me: asured. Colouration essentially as in male, but bands on legs 
tending to break up into small spots in some specimens. Epigynum composed 
exteriorly (Fig. 33) of a median piece that is narrowed in the anterior half. 
Internal ducts tubular and nearly straight in some specimens (Fig. 43), in others 
bent slightly laterad as they join the spermathecae, 

Type Localities.—Type female of pernix from vicinity of Toronto, not now 
in the Blackwall collection at Oxford Univ ersity, and presumed lost. Holoty pe 
male of wyomingensis from Slough Creek, Y ellowstone National Park, Wyoming, 
July 11, 1930 (W. J. Gertsch), in the American Museum of Natural History. 


Figs. 1-25. Philodromus spp. 1-6. Emboli of males. 1, P. praelustris. 2, P. californicus. 
P. barrowsi. 4, P. spectabilis. 5, P. keyserlingi. 6, P. cespiticolis. 

Fig. 7. Ventral apophysis of male tibia. 7, P. cespiticolis. 

Figs. 8-21. Lateral apophyses of male tibiae. 8, 9, P. barrowsi. 10, P. cespiticolis. 11, 
P. spectabilis. 12, P. keyserlingi. 13, P. californicus. 14, P. laticeps. 15, P. pernix. 16, P. 
vulgaris from Connecticut. 17, P. vulgaris from Nova Scotia. 18-21, variants of P. praelustris. 

Fig. 22. Dorsal view of body of P. praelustris (drawn from a live specimen). 

Figs. 23-25. Terminal segments cf male palpi, ventral views. 23, P. vulgaris. 24, P. pernix. 
25, P. laticeps. 
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Four immature female syntypes of signifer Banks from Ithaca, New York (N. 
Banks), in the Museum of Comparative Zoology at Harvard College. 

Other Localities—Arizona: (?) Scottsdale. (male paratype of wyomingensis). 
Wyoming: Pebble Creek Camp, Yellowstone National Park. Colorado: One Mile 
Camp, 8 miles northeast of Almont, Gunnison County. Utah: Mill Creek. 
Montana: LaSalle, Flathead County. British Columbia: Cawston Yale. Alberta: 
Banff. Ontario: Port Arthur; Lake Abitibi; Attawapiskat. New York: Cayuga 
Lake. New Hampshire: Mount Surprise, Intervale; Mount Washington. Pennsyl- 

vania: Milford. Maine: top of Mount Katahdin; Mount Desert Island. Nova 
Scotia: Starr’s Point, Kings County; Kentville; Coldbrook Station, Kings County; 
Rockland, Kings County; Camp Aldershot. 


Range.—British Columbia to Nova Scotia, south in the Rocky Mountains to 
Arizona, and, in the east, to Pennsylvania. The recording of pernix from New- 
foundland by Hackman (1954) was in error for P. alascensis Keyserling. 


Comments and Diagnosis.—P. pernix is the earliest of the strictly nearctic 
species of Philodromus for which we have a detailed published description. Banks 
(1893, p. 125), without stating reasons, placed vulgaris (Hentz) in synonymy with 
pernix, and most subsequent authors have accepted this synonymy uncritically, 
in spite of the unsettled status of both species. 


In the material examined from the Toronto area, which is the type locality 
of pernix, there appear to be three species of Philodromus that are all relatively 
large in body and of various shades of grey to brown in colour. Blackw all's 
(1846) desc ription of pernix fits females of ail three rather well, but the writer is 
of the opinion that it is more applicable to either praelustris Keyserling or signifer 
Banks than it is to vulgaris (Hentz). The most important characters in Black- 
wall’s description, from which we may hope to determine the true identity of 
pernix, are the following: total length three-tenths inch, or 7.6 mm.; cephalothorax 
one-eighth inch, or 3.2 mm., in length and width. “Carapace nearly circular, . 
Dorsum (of abdomen) yellowish grey with a longitudinal median band . 
saeadien from the anterior extremity about half w ay to the spinners; to this band 
succeed two distinct parallel series of oblique bars of the same hue, which diminish 
in extent as they approach the spinners, and are enlarged and confluent at the 
extremities; the whole is encompassed by a brownish black band which does not 
quite extend to the spinners . . . Sides and venter (of abdomen) yellowish grey, 
the former minutely spotted with dark brown.” 

The nearly circular carapace mentioned by Blackwall results from the nearly 
equal length and width of this structure. The carapace of females of both 
vulgaris and praelustris, in eastern specimens, almost invariably is greater in w idth 
than in length by 0.1-0.2 mm., which is caused by a lateral expansion of the sides 
in the posterior part. In specimens designated’ as wyomingensis, on the other 
hand, the carapace is nearly always equal in length and width in mature specimens 
of both sexes. Moreover, the sides are less strongly constricted toward the front, 
which heightens the appearance of roundness. 

The colour pattern on the dorsum of the abdomen described for pernix is 
also more applicable to signifier than to praelustris or vulgaris. The series of 
oblique bars usually link up as chevrons in the last two species. The usually 
reddish-brown venter of vulgaris is, in addition, completely replaced by the 
“yellowish grey”, or pale, venter of pernix. 

The syntypes of P. signifer, all immature, were compared with specimens of 
pernix from New York and Ontario and with a male paratype of wyomingensis 
from Arizona, and found to be identical with them in colouration. Banks (1910, 
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p- 52; 1916, p. 80) placed signifer in synonymy with expositus Keyserling. Gertsch 
(1934, p- 18) agreed with this synonymy, but did not follow Banks in placing 
both these names as synonyms of maculatus Blackwall, which is another species 
entirely. Emerton (1892, p. 372) suggested that signifer was probably identical 
with vulgaris, but the legs of Banks’ syntypes have the large bands and spots 
characteristic of pernix rather than the speckled appearance of vulgaris. 


Males of P. pernix differ from all other species in the genus in the shape of 
the embolus, which bears a large, curved flange at its base, taken in conjunction 
with the pointed lateral apophysis of the palpal tibia and the rounded carapace. 
Females can be separated from those of other species by the rounded carapace, 
colour pattern, and external and internal features of the epigynum. 


2. Philodromus vulgaris (Hentz) 
Figs. 16, 17, 23, 32, 39 
Thomisus vulgaris Hentz, 1847, Boston age Nat. Hist. 5: 444, Pl. 23, Fig. 1. Immature male. 
1868, Proc. Boston Soc. Nat. Hist. 106; 1875, Occas. Papers Boston Soc. Nat. Hist. 2: 
76, Pl. 10, Fig. 1, Pl. 18, Fig. 77, PI. 20, Fig. 10. 
Emerton, 1873, Bull. Essex Instit. 4: 48. 
Philodromus vulgaris, Keyserling, 1880, Die Spinnen Amerikas, Laterigradae, pp. 208, 218, Pl. 5, 
Figs. 120, 120a. 
Marx, 1890, Proc. United States Nat. Mus. 12: 559. 
Emerton, 1892, Trans. Connecticut Acad. Arts, Sci. 8: 372, Pl. 31, Figs. 1-1g; 1902, The 
Common Spiders of the United States, p. 35, Figs. 101-104. 
Banks, — Proc. Acad. Nat. Sci. Philadelphia 56: 133 (in part); 1907, Rept. Indiana Geol. 
Surv. 31: 742 (in part). 
vesuaemiae gracilis Banks, 1892, Proc. Acad. Nat. Sci. Philadelphia 44: 60, Pl. 3, Fig. 21. Female. 
Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 787. 
Philodromus pernix, Kaston, 1938, Connecticut State Geol. Nat. Hist. Surv. Bull. 70: 431, Pl. 84, 
Figs. 1569-1571 (in part); 1955, Trans. Illinois Acad. Sci. 47: 171 (in part). 
Kaston and Kaston, 1953, How to Know the Spiders, p. 102 (in part). 
Chickering, 1940, Papers Michigan Acad. Sci., Arts, and Letters 25: 228, Fig. 73 (female only, 
not male). 
Procter, 1946, Biological Survey of the Mount Desert Region, Pt. VII, p. 526. 
Levi and Field, 1954, American Midland Nat. 51: 461 (in part). Not pernix Blackwall. 

Male.—Total length 6.0 + 0.25 mm.; cephalothorax 2.7 + 0.19 mm. long and 
2.8 + 0.14mm. wide. Femur II 4.8 + 0.54 mm. long. Ocular quadrangle 0.42 + 
0.025 mm. long and 0.57 + 0.070 mm. wide posteriorly. Seven male specimens 
were measured. Carapace broadly expanded at the sides in posterior part, with 
a broad, pale median band and brown sides. Front usually light brown. A brown 
streak, originating at the mid-line in the posterior part, passing forward and forking, 

each half uniting with the brown area on the side, behind the posterior row of 

eyes; in some specimens the streak continuing forward along the mid- line to a 
point between the posterior median eyes. Legs long and thin, with numerous 
small, brown spots, which are often smaller and more dense below; larger spots 
at bases of spines. Abdomen with a diffuse pattern of brownish-purple above, 
the heart mark and chevrons usually indistinct. Venter typically with three or 
four diffuse, reddish-brown longitudinal bands. 

Tibia of palpus armed with a thin apophysis that is practically as wide at tip 
as long (Figs. 16, 17); a small, backward-curved hook often at the upper corner; 
apophysis less truncate in southern specimens (Fig. 16). Embolus with a thin 
flange, which terminates on the outer side of the curve, along its base (Fig. 23). 

Female.—Total length 6.6 + 1.14 mm.; cephalothorax 2.8 + 0.29 mm. long 
and 2.9 + 0.29 mm. wide. Femur II 3.9 + 0.43 mm. long. Ocular quadrangle 
0.45 + 0.024 mm. long and 0.67 + 0.067 mm. wide. Twelve female specimens 
were measured. Carapace broadly expanded at the sides in posterior part, with 
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essentially the same colouration as the male. Heart mark and posterior chevrons 
of the abdomen more distinct than in male, and venter usually with reddish-brown 
bands. Epigynum variable externally, but always composed of a broad median 
plate that narrows quite strongly in the anterior third (Fig. 32). Ducts (Fig. 39) 
composed of a pair of long, curved, open channels, each terminating in a conical 
lobe. 

Type Localities—Immature type male of vulgaris from “United States”, 
presumed lost. Holotype female of gracilis from Ithaca, New York (N. Banks), 
in the Museum of Comparative Zoology at Harvard College. 


Other Localities —Oklahoma: Stillwater. Texas: Old Dallas Road, Denton 
County. Kansas: Douglas County; Lawrence. Nebraska: Lincoln; Norfolk. 
lowa: (?) Ames. Ohio: Salineville. Illinois: (? ) Chicago. Arkansas: Berryville. 
Wyoming: Van Tassell. Wisconsin: Glen Haven, Grant County; Madison, Castle 
Mound Road, Jackson County; Prairie du Chien, Crawford County. Indiana: Bass 
Lake; Vowter Park. New York: Long Island; Albany; Ny ack; Bergen Beach; 
Kingsbridge; Long Pond; Peru; Black Brook, Clinton County. Ontario: Norman- 
dale; W ellington; Elmhurst Beach, York County; Port Dover, Norfolk County; 
Marmora. Quebec: Rougemont. Nova Sc otia: Graywood, Annapolis County; 
Camp Aldershot, Kings County; Rockland, Kings County; White Rock Mills, 
Kings County. Massachusetts: Lexington; Beverly. Rhode Island: Providence. 
Connecticut: New Haven; Hamden; Storrs; Stamford; New Britain. New Jersey 
Ramsey. Virginia: Falls Church. Georgia: top of Stone Mountain. Florida: 
Runnymede; Altoona; Eustis; Ocala. 


Range.—Oklahoma to Florida, north to Wyoming, southern Ontario, and 
Nova Scotia. 


Comments and Diagnosis.—This is the species that most authors have identified 
as pernix since Banks (1893, p. 125) declared vulgaris and pernix to be identical. 
Hentz’ (1847) description of Thomisus vulgaris was very brief, yet his reference 
to its common appearance on fences and prostrate timber, and to its very long legs 
and flattened body indicates that the species in all probability belonged to the 
aureolus group. Before publishing his description, Hentz had collected spiders in 
many parts of the eastern United States (Burgess in Hentz, 1875), and so his 
material probably came from more than one locality; since most of his life was 
spent in the southern states, however, we may assume with some confidence that 
the Philodromus with which he was familiar wa$ P. vulgaris as defined here. 
Certainly Keyserling (1880), who redescribed and illustrated the species from 
material collected at Baltimore and Boston, and Emerton (in Hentz, 1875); (1892; 
1902), who gave many more details of structure, dealt with vulgaris in the same 
sense. 

Examination of the type of gracilis shows it to be a rather large female of 
P. vulgaris. Mr. D. J. Clark compared specimens of vulgaris with Keyserling’s 
male and three females in the British Museum (Natural History). 

P. vulgaris differs from other members of the aureolus group in small but 
apparently constant differences in the male palpus: the embolus is fitted with a 
thin but distinct flange that terminates at about the middle of the curve; the flange 
is much less prominent than in pernix, while in praelustris and similar species this 
structure is very small or lacking entirely. The epigynum of vulgaris is very 
similar to that of praelustris, and the two species cannot be separated by the shape 
of the median plate. The internal parts can be seen by cutting transversely in 
front of the epigynum and along one side of it, then lifting the flap thus formed. 
The ducts of vulgaris are typically thin and strongly arched toward the mid-line, 
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whereas those of praelustris are usually tubular, less curved, and more heavily 
sclerotized. About three per cent of the females examined were identified with 
doubt, and seemed to represent intermediates. Both sexes of vulgaris usually have 
a reddish-brown venter, while in praelustris the venter is pale. Some females of 
praelustris from eastern parts of its range, on the other hand, have a dorsal 
abdominal pattern like that of typical vulgaris. In the absence of intermediate 
male palpi among the specimens examined, and especially since males of both types 
were found in the same localities in several instances, vulgaris and praelustris are 
maintained for the present as distinct species. Careful rearing of natural variants, 
however, might show that there is some interbreeding between them. 


3. Philodromus praelustris Keyserling 
Figs. 1, 18-22, 29, 41 
Philodromus praelustris Keyserling, 1880, Die Spinnen Amerikas, Laterigradae, pp. 208, 209, 
Pl. 5, Fig. 114. Male, immature female. 
Banks, 1913, Proc. Acad. Nat. Sci. Philadelphia 65: 179, Fig. 1 
Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 789. 
Philodromus expositus Keyserling, 1880, Die Spinnen Amerikas, Laterigradae, pp. 208, 220, 
Pl. 5, Fig. 121. Male. 
Banks, 1913, Proc. Acad. Nat. Sci. Philadelphia 65: 179, Fig. 12. 
Gertsch, 1934, American Mus. Novitates 707: 18, Fig. 18. 
Gertsch and Jellison, 1939, American Mus. Novitates 1032: 6. 
Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 786. 
Dondale, 1956, Canadian Ent. 88: 699. 
Philodromus pernix, Muma, 1945, Univ. Maryland Agr. Expt. Sta. Bull. A38 (Tech.): 47 (in 
part). 
Muma and Jeffers, 1945, Ann. Ent. Soc. America 38: 250 (in part). 
Levi and Field, 1954, American Midland Nat. 51: 461 (in part). Not pernix Blackwall. 

Male.—Total length 5.9 + 1.10 mm.; a4 cophanoshneen 2 2.8 + 0.30 mm. long and 
2.9 + 0.25 mm. wide. Fear II 5.0 + 0.52 mm. Jong. rer quadrangle 0.45 
+ 0.035 mm. / and 0.45 + 0.026 mm. wide posteriorly. Seven male specimens 
were measured. Carapace low and broad, dark grey to black along the sides; pale 
median band irregular at sides. Front usually pale. Posterior median, posterior 
lateral, and anterior lateral eyes usually enclosed in a dark brown area. Legs 
long and slender, with dark rings at “ends of segments; spots often elongate. 
Abdomen with a dark median str ipe in anterior half ‘of docsans and a series of dark 
chevrons posteriorly. Venter pale. 

Tibia of palpus armed laterally with a pointed apophysis, which has a smaller 
projection of variable shape on the upper margin (Figs. 18-21). Embolus with a 
small, angular projection on ~ outer side of the curve and a smooth prominence 
Opposite it on the inner side (Fig. 1). 

Female.—Total length 8.0 + 1.12 mm.; cephalothorax 3.2 + 0.32 mm. long 
and 3.3 + 0.29 mm. wide. Femur Il 4.5 + 0.64 mm. long. Ocular quadrangle 
0.51 + 0.030 mm. long and 0.72 + 0.063 mm. wide. Twelve female specimens 
were measured. Carapace usually expanded at the sides in the posterior part 
(0.1-0.2 mm. wider than long). Colouration essentially as in male. Epigynum 
(Figs. 29, 41) variable externally and internally, median plate strongly to weakly 
narrowed in the anterior third; ducts curved toward mid-line near middle in some 
specimens, practically parallel in others and usually heavily sclerotized; lobes at 
ends of ducts varying from tiny swellings to prominent, blunt processes, w hich 
may, moreover, be of different sizes from one side to the other in the same 
individual. 

Type Localities.Holotype male of praelustris from Colorado, in the British 
Museum (Natural History). Holotype male of expositus from Mount Washing- 
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ton, New Hampshire, in the British Museum (Natural History); label reads 
“Massachusetts”, probably in error. 

Other Localities —Alberta: Medicine Hat. Montana: Hamilton. Wisconsin: 
Glen Haven, Grant Co.; Nicolet National Forest, Forest County; Wyalusing State 
Park, Grant County. Ontario: Macdiarmid, Lake Nipigon; Sandy River, Lake 
Nipigon; Elmhurst Beach, York County; Holst Point, Minaki; Smoky Falls, 
Cochrane District; Island 1008, Lake Temagami; Pottageville, York County: Ogoki; 
Marmora. Nova Scotia: Rockland, Kings County; Berwick; Camp Aldershot; 
White Rock Mills, Kings County; Coldbrook Station, Kings County; Upper 
Canard; Grand Pré; Starr’s Point, Kings County; Canning; Wolfville; Billtown, 
Kings County; Graywood, Annapolis County. Maine: Houlton; top of Mount 
Katahdin. Massachusetts: Salem; Allston. New Hampshire: Mount Monadnock; 
Fitzwilliam; West Ossipee; South Lyndeboro; Intervale. New York: Onondaga 
County; Ithaca; Sea Cliff, Long Island; Peru. Connecticut: New Haven; West 
Haven; Cornwall; West Cornw yall; South Windham. Pennsylvania: Washington 
County. Maryland: Woodside. Virginia: Falls Church. Kentucky: Louisville. 
Indiana: Bass Lake. Nebraska: Kearney; Taylor; Ansley. Utah: Allen Canyon, 
Rich County. Nevada: Thomas Canyon, 28 miles south of Elk. 


Range: Alberta to Nova Scotia, south to Nevada and Virginia. 


Comments and Diagnosis.—This variable species appears in some ways to be 
intermediate between pernix and vulgaris. Some females have the colouration of 
pernix on the carapace, the legs, or the abdominal dorsum, others, particularly in 
eastern provinces and states, have the dorsal abdominal pattern and partly pig- 
mented venter of vulgaris. The occurrence of apparently intermediate epigyna 
between praelustris and vulgaris has already been mentioned under velgaris, as 
was the need for extensive rearing of the natural variants in both species. 

The synonymizing of expositus with praelustris is tentative, based as it is on 
few specimens. Keyserling (1880) evidently considered his praelustris to be a 
species of the western mountains, characterized by its large size and by the extreme 
bulging of the inner side of the male cymbium. His type of expositus, collected 
on Mount W ashington, New Hampshire, is smaller and the male has a more slender 
cymbium. Large specimens that match the type of praelustris have since been 
collected in various eastern localities. At present, the situation seems to be that 
the species is quite variable in size, and that the expansion of the male cymbium is 
merely on expression of the larger overall size of some specimens, particularly 
western ones. There seem to be no consistent differences in the emboli and 
tibial apophyses of males or in the -epigyna of females of various sizes. As men- 
tioned below, the lateral apophysis can vary considerably, and the size of the 
swellings and of the small flange, when present, on the embolus also seem to vary. 
In addition, a male from Onondaga County, New York, has an unusually long 
palpal tibia, the length of which is about twice as long as the patella. Mr. D. J. 
Clark kindly compared specimens of different sizes with Keyserling’s types of 
praelustris and expositus in the British Museum (Natural History). 


Variation in the shape of the lateral apophysis of the male tibia in this species 
was demonstrated in a small rearing experiment at Kentville, N.S. A gravid 
female was brought into the laboratory on June 29, 1956, where she laid eggs in 
a glass vial on July 2 The female was then killed and preserved, and the spider- 
lings, which began | to emerge from the egg sac about July 20, were reared 
individually on Drosophila flies. From the 33 eggs laid by the mother, five male 
and one female offspring were reared to maturity. Their final moults occurred 
at wide intervals in 1957, i.e., between April 10 and December 15. In males, 
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variation was most noticeable in the shape of the upper prominence of the lateral 
apophysis: 
Male No. 1: Both palpi, two small, upright teeth (Fig. 21). 
Male Nos. 2, 3: Both palpi, a single, blunt or slightly backward-hooked tooth 
(Fig. 18). 
Male No. 4: Right palpus, two small teeth (Fig. 21). Left palpus, a single 
upright tooth (Fig. 20). 
Male No. 5: Right palpus, two blunt teeth (Fig. 19). Left palpus, a single, 
curved tooth (Fig. 18). 
Further rearing of variants is desirable. 


1. Philodromus keyserlingi Marx 
Figs. 5, 12, 28, 35 
Philodromus obscurus Keyserling, 1884, Verh. zool.-bot. Gesell., Wien 33: 675, Pl. 21, Fig. 2 
Female. Name preoccupied by obscurus Blackwall 1871. 
Philodromus keyserlingi Marx, 1890, Proc. United States Nat. Mus. 12: 559. New name for 
P. obscurus Keyserling. 

Marx, 1892, Proc. Ent. Soc. Washington 2: 160. 

Banks, 1910, Bull. United States Nat. Mus. 72: 52. 

Petrunkevitch, 1911, Bull. American Mus. Nat. Hist. 29: 419. 

Gertsch, 1934, American Mus. Novitates 707: 18, Fig. 22; 1939, Bull. American Mus. Nat. 

Hist. 76: 286. 

Kaston, 1938, Bull. Connecticut State Geol. Nat. Hist. Surv. 60: 191. 

Muma and Jeffers, June 1945, Ann. Ent. Soc. America 38: 250. 

Muma, July 1945, Bull. Univ. Maryland Agr. Expt. Sta. A 38 (tech.): 4 

Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 787. 

Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4), p. 3572. 

Philodromus washita Banks, in Banks, Newport, and Bird, 1932, Pub. Univ. Oklahoma Biol. 
Surv. 4: 28, Figs. 1, 2. Female. 
Kaston, 1945, American Mus. Novitates 1290: 9; 1948, Bull. Connecticut State Geol. Nat. 
Hist. Surv. 70: 431, Pl. 83, Figs. 1560-1562. 

Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 789. 

Philodromus pernix, Chickering, 1940, Pap. Michigan Acad. Sci., Arts, and Letters 25: 228, 
Figs. 71, 72. Male only, not female. Not pernix Blackwall. 

Male.—Total length 4.1 + 0.47 mm.; cephalothorax 1.9 + 0.10 mm. long and 

2.0 + 0.20 mm. wide. Faint 13.2 + 0.43 mm. long. Ocular quadrangle 0.30 

+ 0.031 mm. long and 0.44 + 0.026 mm. wide posteriorly. Twelve male speci- 
mens were measured. Carapace nearly circular in dorsal view, fairly high at the 
margins, and smoothly rounded over the top; sides brownish, often mottled in 
appearance; pale median band with margins irregular, often extending forward 
between the median eyes to the anterior margin; eyes narrowly ringed with white; 
a pale V often formed at the “cervical groove”; a brown streak present along 
mid-line in posterior part. Legs long and thin, spotted above with brown at the 
bases of the spines, and minutely and densely speckled with brown below. Dorsum 
of abdomen with an indistinct, dark heart mark and a series of narrow chevrons; 
chevrons often parted along the mid-line; venter pale. 

Tibia of palpus with a short lateral apophysis that is about as broad as long 
and divided into two nearly equal, blunt points (Fig. 12). Embolus a simple 
curved hook, without flanges or swellings (Fig. 5). 

Female.—Total length 5.5 + 0.84 mm.; cephalothorax 2.1 + 0.10 mm. long 
and 2.1 + 0.22 mm. wide. Femur II 3.0 + 0.45 mm. long. Ocular quadrangle 
0.35 + 0.038 mm. long and 0.53 + 0.040 mm. wide posteriorly. Twelve female 
specimens were measured. Colour pattern more distinct than in males, with the 
pale median band of the carapace wider and including all of the eyes, the pale 
V-mark more conspicuous, and the minute spots on the legs extending well up on 
the prolateral surfaces. Epigynum with a median plate that is somewhat like an 
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hourglass in shape (Fig. 28). Duct bootshaped to somewhat saclike, but typic- 
ally the former (Fig. 35). 

Type Localities.—Holotype female of obscurus Keyserling from Washington, 
D.C., originally deposited in the Marx collection, United States National Museum, 
and now misplaced or lost. Holotype female of washita Banks from Norman, 
Cleveland County, Oklahoma, September 24, 1928 (N. M. Newport) in the 
Museum of Comparative Zoology at Harvard College, Cambridge, Massachusetts; 
female paratype of washita w ith the same locality, date, and collector in the 
Museum of Zoology, University of Oklahoma. 


Other Localities—New Mexico: Albuquerque. Texas: Austin, Blackwell. 
Oklahoma: Lawton, Comanche County. Arkansas: Hope; Cove Creek Valley, 15 
miles west of Prairie Grove, Boston Mountains, Washington County. Tennessee: 
Glenraven, Robertson County. Alabama: Auburn. Florida: Lake City; Palatka. 
North Carolina: Monroe. Virginia: Great Falls; Falls Church. Maryland: College 
Park; Rutledge; Indian Head; Plummer’s Island (in wasp nest). New Jersey: 
Ramsey. Missouri: St. Albans. lowa: Springfield; Sioux County. Wisconsin: 
Glen Haven, Grant County. Illinois: Urbana. Ontario: Point Pelee, Essex 
County. Indiana: Arlington. New York: Sea Cliff; Cold Spring Harbor. Massa- 
chusetts: Cambridge. Connecticut: Norwalk; New Haven, Branford. 

Range.—New Mexico to Florida, north to Wisconsin, southern Ontario, and 
Massachusetts. 

Comments and Diagnosis.—On the basis of similarity in the male palpus, 
Gertsch (1934, p. 18) one washita Banks in synonymy w ith keyserlingi. Kaston 

(1945, p. 9; 1948, p. 431), however, does not accept this synonymy, basing his 
bahar on the smaller size, different appearance of the median plate of the 
epigynum, and minor differences in the colours of carapace and legs of the female. 
Gertsch’s decision regarding the male sex was confirmed in the present study, 
inasmuch as no structural differences great enough to justify retention of two 
species were found. Among females, Kaston’s distinction breaks down when 
material from the whole southeastern states region is considered. A female from 
Auburn, Alabama, in the Museum of Comparative Zoology at Harvard College 
has a length of over six mm. (a size associated by Kaston with keyserlingi but not 
washita), but other characters, e.g., a median plate like his figure 1560 (Kaston, 
1948), a distinct white V on the carapace, and dark bands at the ends of the tibiae, 
all of which he associated with washita. Other specimens have lengths within the 
range given by Kaston for washita (3.9-4.6 mm.), but have the white V in various 
degrees of expression. In all of this material, including that from Connecticut, the 
ducts appear to exhibit true continuous variation in gross shape, and the median 
plate varies relatively little from Kaston’s illustration. In connection with the 
median plate, it may be noted that the copulatory openings in many specimens are 
plugged with a dark, firm material, which obscures details at the anterior end of 
the plate and which must be removed before comparison is made between speci- 
mens. The type of obscurus Keyserling, if it were available for study, might 
provide the final evidence needed in the problem of synonymy between obscurus 
and washita. 


Figs. 26-34. Epigyna of Philodromus spp., external views. 26, P. spectabilis. 27, 
cespiticolis. 28, P. keyserlingi. 29, P. praelustris. 30, P. barrowsi. 31, P. laticeps. 3 
vulgaris. 33, P. pernix. 34, P. californicus. 

Figs. 35-43. Epigyna of Philodromus spp., internal views. 35, P. keyserlingi. 36, P. 
spectabilis. 37, P. barrowsi. 38, P. californicus. 39. P. vulgaris. 40, P. cespiticolis. 41, P. 
praclustris. 42, P. laticeps. 43, P. pernix. 
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Males of keyserlingi are the smallest in the aureolus group, although similar 
in size to cespiticolis. The females measured had the same average carapace 
measurements as in the latter species, which, however, is quite different from 
keyserlingi in colour and in genitalia. The genitalia are closest to those of 
spectabilis, whose range keyserlingi overlaps slightly in the region north of the 
Pecos Plains in New Mexico. The area of overlap has as yet yielded few speci- 
mens, however, and further collecting and rearing might show whether or not 
there is interbreeding between the two species. 


5. Philodromus barrowsi Gertsch 
Figs. 3, 8, 9, 30, 37 
Philodromus barrowsi Gertsch, 1934, American Mus. Novitates 707: 17, Fig. 16. Male and female. 

Chamberlin and Ivie, 1944, Bull. Univ. Utah 35 (9) (Biol. Ser. 8 (5)): 162. 

Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 786. 

Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4), p. 3556. 

Male.—Total length 5.5 + 0.99 mm.; cephalothorax 2.7 + 0.32 mm. long and 
2.6 + 0.95 mm. wide. Femur II 4.9 + 0.68 mm. long. Ocular quadrangle 0.39 

0.041 mm. ong and 0.57 + 0.060 mm. wide posteriorly. Seven male specimens 
were measured. Carapace of equal length and width, or slightly longer than wide; 
rounded evenly in the posterior part, a little lower in the eye region, and depressed 
in front of the middle; eyes, except the anterior medians, on small but distinct 
tubercles; front constricted below the anterior row of eyes; pale median band 
deeply scalloped along edges; sides grey-brown; lateral and posterior margins 
with a distinct white band; a brown stripe along the mid-line. Legs long, grey- 
brown, with a broad pale band dorsally on the femora. Abdomen with a con- 
spicuous brown to black heart mark in ‘the anterior half and a pair of dark bands 
that converge toward each other posteriorly; venter with three longitudinal brown 
bands that meet posteriorly, flanked by a pair of white bands. 

Tibia of palpus with a forked lateral apophysis, of which the lower point is 
long and sharp and the upper is shorter and either pointed (Fig. 9) or jagged 
(Fig. 8). Embolus abruptly narrowed at the middle of the curve, attenuated 
distally (Fig. 3). 

Female.—Total length 8.1 + 1.12 mm.; cephalothorax 3.1 + 0.28 mm. long 
and 3.0 + 0.23 mm. wide. Femur Il 4.7 + 0.43 mm. long. Ocular quadrangle 
0.45 + 0.041 mm. long and 0.66 + 0.056 mm. wide posteriorly. Fourteen female 
specimens were measured. Shape and colouration much as in the male. Epigynum 
with a median plate that typically tapers quite evenly toward the anterior end, 
where it is raised at the mid-line into a sharp ridge (Fig. 30). A pair of angular 
projections at the sides of the plate in some specimens. Ducts long and evenly 
curved, with small conical lobes (Fig. 37). 

Type Locality.—Holotype male, allotype female, and eleven female paratypes 
from Macon, Georgia, (A.L.T.), in the American Museum of Natural History. 

Other Localities.—Louisiana: Covington; Tallulah; Shreveport. Mississippi: 
Wards Bayou, Vancleave. Alabama: Auburn; Baldwin County. Florida: Eustis; 
Red Hill, near Hicoria, Highlands County, Winter Park; Alachua County. New 
York: Sea Cliff, Long Island. 

Range.—Louisiana to Florida, north to Long Island, New York. The record- 
ing of this species from Texas by Gertsch (1934) was presumably based on an 
immature female in the Cornell collection with only the name of this state on the 
label. A more precise locality is desirable. 

Comments and Diagnosis.—The most obvious distinguishing features of this 
spider are the long narrow abdomen with its conspicuous heart mark, the promin- 
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ent eye area, and the grey and brown colours. The lateral apophysis and embolus of 
the male palpus are not greatly different from those of praelustris and californicus, 
but the upper tooth of the apophysis is usually smaller and more erect, and the 
embolus is more abruptly narrowed, than in either of those species. The median 
plate of the epigynum is often like that of californicus, but is usually narrower in 
the anterior part. The ducts are more slender and evenly curved than in cali- 
fornicus. 


6. Philodromus californicus Keyserling 
Figs. 2, 13, 34, 38 


Philodromus californicus Keyserling, 1884, Verh. zool.-bot. Gesell., Wien 33: 676, Pl. 21, Fig. 24. 
Female. 

Marx, 1890, Proc. United States Nat. Mus. 12: 559. 

Banks, 1904, Proc. California Acad. Sci. (Ser. 3) 3(13): 353; 1910, Bull. United States Nat. 

Mus. 72: 51. 

Coolidge, 1907, Canadian Ent. 39: 376. 
Petrunkevitch, 1911, Bull. American Mus. Nat. Hist. 29: 418. 
Moles, 1921, Jour. Ent. and Zool., Claremont 13: 44. 
Worley, 1932, Univ. Washington Pub. Biol. 1: 44. 
Gertsch, 1934, American Mus. Nov. 707: 18, Fig. 15. 
Chamberlin and Ivie, 1941, Bull. Univ. Utah 31 (8) (Biol. Ser. 6 (3)): 20. 
Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 786. 
Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4), p. 3557. 
Philodromus hoples Chamberlin, in Chamberlin and Gertsch, 1928, Proc. Biol. Soc. Washington 
41: 181. Male and female. 
Chamberlin and Woodbury, 1929, Proc. Biol. Soc. Washington 42: 137. 

Male.—Total length 6.1 + 0.74 mm.; cephalothorax 2.7 + 0.30 mm. long and 
2.6 + 0.27 mm. wide. Femur II 4.5 + 0.36 mm. long. Ocular quadrangle 0.42 
+ 0.033 mm. long and 0.55 + 0.058 mm. wide posteriorly. Thirteen male spec- 
imens were measured. Carapace as wide as long, occasionally slightly wider; sides 
grey-brown; median pale band about as wide as posterior row of eyes, with sides 
nearly parallel, often extending between median eyes and expanding laterally on 
the front; eyes, except anterior medians, narrowly ringed with white. Legs rather 
robust, with small brown spots at bases of the spines and smaller, elongate spots 
scattered over the prolateral and ventral surfaces. Abdomen with an elongate, 
dark heart mark, and narrow chevrons in the posterior part; heart mark flanked 
by a wide white area; venter pale. 

Tibia of palpus with a large lateral apophysis, which is longer than wide and 
produced into two points; the lower point usually blunt, the other usually thin 
and hooked (Fig. 13). Embolus without a flange at the base, but with a slight 
angularity on the outer side of the curve and a small swelling inside (Fig. 2). 


Female.—Total length 8.2 + 1.38 mm.; cephalothorax 3.1 + 0.30 mm. long 
and 3.2 + 0.30 mm. wide. Femur II 4.4 + 0.48 mm. long. Ocular quadrangle 
0.45 + 0.041 mm. long and 0.66 + 0.079 mm. wide. Eighteen female specimens 
were measured. Colouration much as in the male, but pale median band of 
carapace often expanded to a width greater than that of the posterior row of eyes, 
and including the anterior median eyes within it; a white V often present at 
“cervical groove”. Epigynum with a large median plate that is abruptly narrowed 
and carinate anteriorly; sides of plate, behind the narrow part, usually angular 
(Fig. 34); plate distinctly convex posteriorly. Ducts tubular, often long and 
nearly parallel, with small lobes (Fig. 38). 


Type Localities.Holotype female of californicus from San Francisco, Cali- 
fornia, in the United States National Museum at Washington, D.C. Holotype 
male of hoples, indicated in original description from Moab, Grand County, Utah; 
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type vial, however, labelled “St. George, N 37: W 113”, in R. V. Chamberlin 
collection at the Univ ersity of Utah, Salt Lake City. 

Other Localities.—C hibuabua: Catarinas at 6,000 feet elevation. New Mexico: 
Mesilla Park. California: Claremont; San Diego; Los Angeles; Chino; Pleasanton, 
Alameda County. Oregon: Umatilla; McMinnville; Mount McLaughlin, at 3,200 
feet elevation; Medford; Cline Falls, 4 miles west of Redmond; Redmond; 7 miles 
west of Grant’s Pass; Service Creek. Arizona: Thatcher; Tucson; Tomo Creek 
Camp, near Kahb’s Ranch, Gila County. Utah: St. George; Mill Creek, Salt 
Lake City; “Washington County”; Zion National Park; Fruita; Big Cottonwood 
Canyon; ‘Payson; Ogden River Canyon, near Ogden. Colorado: Golden. 


Range.—California and Oregon, inland to Arizona and Colorado. 


Comments and Diagnosis.—In structure there is considerable resemblance 
between this and most of the other large species in the aureolus group. While it is 
true that californicus is almost the only species of its general size and colour in 
the group now known from the western mountains, Keyserling could hardly have 
known this from the limited material available to him. We must assume from his 
description, although he wrote no diagnosis as such, that he distinguished cali- 
fornicus from spectabilis, the latter of which he knew only the male and some 
immature females, on the basis of the generally pale appearance and larger size of 
the former. From praelustris, which he knew from the male and one immature 
female, Keyserling presumably separated californicus by the pale colouring of the 
latter. These are rather intangible characters. The genitalia of the males of the 
three species are, however, quite distinct. 

Specimens labelled as types of hoples from St. George, Utah, as well as many 
specimens in the Museum of Comparative Zoology at Harvard College that were 
collected and identified as hoples by Chamberlin while he was at that institution, 
were examined in this study. These were compared with the holotype of cali- 
fornicus and are considered to be identical with that species. This conclusion 
supports the synonymy made earlier by Gertsch (1934). 


7. Philodromus spectabilis Keyserling 
Figs. 4, 11, 26, 36 


Philodromus spectabilis Keyserling, 1880, Die Spinnen Amerikas, Laterigradae, pp. 208, 210, 
Pl. 5, Fig. 115. Male. 

Marx, 1890, Proc. United States Nat. Mus. 12: 559. , 

Banks, 1895, Ann. New York Acad. Sci. 8: 428; 1901, Proc. Acad. Nat. Sci. Philadelphia 53: 
585; 1910, Bull. United States Nat. Mus. 72: 52; 1916, Proc. United States Nat. Mus. 51: 
ie 

Petrunkevitch, 1911, Bull. American Mus. Nat. Hist. 29: 421. 

Worley, 1932, Univ. Washington Publ. Biol. 1 (1): 45. 

Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 789. 

Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4), p. 3587. 

Male.—Total length 5.0 + 0.47 mm.; cephalothorax 2.2 + 0.20 mm. long and 
2.1 + 0.18 mm. wide. Femur II 3.9 + 0.40 mm. long. Ocular quadrangle 0.33 
+ 0.031 mm. long and 0.49 + 0.035 mm. wide posteriorly. Fourteen male speci- 
mens were measured. Carapace nearly round in dorsal view, usually longer than 
wide by 0.1 mm.,; variable in degree of pigmentation: dark specimens with only a 
suggestion of a pale median band, which encloses a brown stripe, and the front 
with a pale margin; lighter specimens with the sides streaked with brown, and 
with an irregular pale median band enclosing a brown line at the mid-line that 
breaks up into several branches behind the posterior row of eyes. Legs usually 
with large, dark spots at bases of the spines and at ends of the segments; speckled 
below and on prolateral surfaces with dark brown. Abdomen with a brownish 
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heart mark on anterior half of dorsum, and two dark bands that converge posteri- 
orly and cut across the chevrons. Venter lightly pigmented. 


Tibia of palpus, which is about twice the length of the patella, with a lateral 
apophysis that is about as long as broad, truncated, and situated well to the ventral 
side of the segment (Fig. 11). Embolus rather simple, with only a slight angu- 
larity on the outer side of the curve (Fig. 4). 

Female.—Total length 5.9 + 0.72 mm.; cephalothorax 2.5 + 0.16 mm. long 
and 2.4 + 0.19 mm. wide. Femur II 3.5 + 0.26 mm. long. Ocular quadrangle 
0.37 + 0.033 mm. long and 0.59 + 0.049 mm. wide posteriorly. Nineteen female 
specimens were measured. Colours much as in the male, except that the extensive 
pigmented areas of carapace are distinct on a pale background; pale median band 
usually breaking out between the two pairs of median eyes and joining the pale 
border of the front. Carapace equal in length and width, or 0.1 mm. less in width. 
Epigynum with a relatively narrow median plate (Fig. 26) and saclike ducts 
(Fig. 36). 

Type Locality.—Holotype male and some immature female specimens from 
Colorado, originally deposited i in the Simon collection in Paris, not now with that 
part of the Simon collection in the British Museum (Natural History) and pre- 
sumed lost. 

Other Localities—New Mexico: Las Vegas; Pecos. Arizona: Oak Creek 
Canyon, 6,500 to 7,000 feet elevation; Santa Rita Mountains, 5,000 to 8,000 feet 
elevation; 17 miles northeast of Whiteriver; Portal; Southwestern Research Station, 
near Portal; Rustlers Park, Chiricahua Mountains. California: Sisson; Mountain 
Home Creek, San Bernardino Mountains; Mount Tamalpais; Big Rock Creek, near 
Valyermo, 4,200 feet elevation; Wheeler Springs, Ventura County. Oregon: 
Amity, Eda Hills; Corvallis; Parkdale; Eugene, Lane County; McMinnville; Mount 
Hood area, Clacamas County; Camp Adair, near Corvallis; 16 miles west ot Bend; 
Tenmile; Shuttle Lake, Santiam Pass; 15 miles east of Princeville, Ochoco Forest; 
17 miles north of Sisters; Booth State Park, west of Lakeview; Steens Mountains, 
west of Fish Lake; Salem; trail between Wallowa and Aneroid Lake, about 6,000 
feet elevation; Mitchell. Washington: Kitsap County; Longmire Swamp, Mount 
Rainier; Mount Baker Lake. British Columbia: Massett; Vassant; Wellington, 
Vancouver Island; Mount Benson, Vancouver Island, 3,300 feet elevation; Lillooet; 
Cascade. Montana: Bigfork, Flathead County. 

Range.—New Mexico and Arizona, north to Montana, Washington, and Van- 
couver Island. 

Comments and Diagnosis.—Of the species in the aureolus group occurring in 
the western mountains, spectabilis is second in smallness only to cespiticolis. Among 
the measurements taken, however, length of ocular quadrangle appears to be the 
only character in males that is significantly smaller in spectabilis, than in most of 
the others. This measurement was 0.36 mm. or less in spectabilis, but exceeded 
0.39 mm. in vulgaris, praelustris, and pernix, and usually in californicus. Males of 
spectabilis, although averaging smaller in every measurement than californicus, 
nevertheless overlap the latter species in all of them. The best characters to 
separate spectabilis from all of these species are the short, truncate lateral apophysis 
of the male palpal tibia and the longitudinal, dark bands on the abdomen of the 
former. 

Females of spectabilis are in general shorter and narrower in the carapace 
than in praelustris or californicus, and in addition have the femur of Leg II shorter 
than in praelustris. Separation of spectabilis females from all of these species can 
be made by examining the median plate of the epigynum, which is little narrowed 
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anteriorly, and to the ducts, which are distinctly saclike with small lobes. The 
abdominal pattern of spectabilis is also distinctive. 

The relationships between spectabilis and keyserlingi have already been 
mentioned (see under keyserlingi). 


8. Philodromus cespiticolis Walckenaer 
Figs. 6, 7, 10, 27, 40 


Aranea cespitum Walckenaer, 1802, Faune Parisienne, Insecta 2, p. 230. 
Thomisus cespiticolens Walckenaer, 1805, Tableau des Aranéides, p. 35. 
Philodromus cespitum Walckenaer, 1826, Faune Frangaise 11/12, p. 91. 
Philodromus cespiticolis Walckenaer, 1837, Histoire Naturelle des Insectes, Aptéres 1, p. 535. 
Dondale, 1956, Canadian Ent. 88: 699; 1958, Canadian Ent. 90: 112, 113. 
Lindroth, 1957, The Faunal Connections Between Europe and North America, p. 106. 
Philodromus maculatus Blackwall, 1846, Ann. Mag. Nat. Hist. (Ser. 1) 17: 39. Male, female. 
New Synonymy. 
Marx, 1890, Proc. United States Nat. Mus. 12: 559. 
Philodromus aureolus, Thorell, 1877, Bull. United States Geol. and Geogr. Surv. Territories 3: 
500. 
Keyserling, 1880, Die Spinnen Amerikas, Laterigradae, pp. 208, 217. 
Marx, In Howard, 1883, List of the Invertebrate Fauna of South Carolina, p. 25; 1890, Proc. 
United States Nat. Mus. 12: 559; 1892, Proc. Ent. Soc. Washington 2: 160, 195. 
Simon, 1895, Histoire Naturelle des Araignées 1 (Fasc. 4), p. 1061. 
Banks, 1893, Jour. New York Ent. Soc. 1: 90; 1895, Ann. New York Acad. Sci. 8: 428; 1900, 
Proc. Acad. Nat. Sci. Philadelphia 52: 537; 1901, Proc. United States Nat. Mus. 23: 
586; 1907, Rept. Indiana Geol. Surv. 31: 742; 1910, Bull. United States Nat. Mus. 72: 51; 
1916, Proc. United States Nat. Mus. 51: 71. 
Harrington, 1896, Ottawa Nat. 10: 13. 
Montgomery, 1903, Proc. Acad. Nat. Sci. Philadelphia 55: 126. 
Cockerell, 1907, Bull. American Mus. Nat. Hist. 23: 620; 1936, Canadian Ent. 68: 86. 
Petrunkevitch, 1911, Bull. American Mus. Nat. Hist. 29: 418; 1928, Trans. Connecticut Acad. 
Arts and Scr. 29: 164. 
Crosby and Bishop, 1928, Cornell Univ. Agr. Expt. Sta. Memoir 101: 1059. 
Worley and Pickwell, 1931, Univ. Nebraska Studies 27: 70, 71. 
Elliott, 1932, Proc. Indiana Acad. Sci. 41: 428. 
Bryant, 1933, Bull. Mus. Compar. Zool. Harvard College 74: 185. 
Gertsch, 1934, American Mus. Novitates 707: 1; 1939, Bull. American Mus. Nat. Hist. 76: 
285, 286, 297. 
Kurata, 1937, Canadian Field-Nat. 51: 114; 1939, Canadian Field-Nat. 53: 82; 1943, Canadian 
Field-Nat. 57: 11. 
Kaston, 1938, Bull. Connecticut State Geol. Nat. Hist. Surv. 60: 191; 1948, Bull. Connecticut 
State Geol. Nat. Hist. Surv. 70: 436, Pl. 83, Figs. 1557-1559; 1955, Trans. Illinois Acad. 
Sci. 47: 171. , 
Gertsch and Jellison, 1939, American Mus. Novitates 1032: 6. 
Chickering, 1940, Papers Michigan Acad. Sci., Arts, and Letters 25: 221, Figs. 55, 56. 
Lowrie, 1942, Bull. Chicago Acad. Sci. 6: 169, 180. 
Stiles and Luber, 1944, Proc. lowa Acad. Sci. 51: 477. 
Chamberlin and Ivie, 1947, Bull. Univ. Utah 37 (10) (Biol. Ser. 10 (3)): 6-8, 11, 67. 
Muma and Muma, 1949, Ecology 30: 490, 493. 
Levi and Levi, 1951, Zoologica 36: 230; 1955, Canadian Field-Nat. 69: 39. 
Levi and Field, 1954, American Midland Nat. 51: 461. 
Lowrie and Gertsch, 1955, American Mus. Novitates 1736: 7. 
Philodromus canadensis Emerton, 1917, Canadian Ent. 49: 270, Fig. 22 (parts 3-5). Male, female. 
1919, Trans. Roy. Canadian Instit. 12: 335. 
Barrows, 1918, Ohio Jour. Sci. 18: 311. 
Auten, 1925, Ann. Ent. Soc. America 18: 241. 
Crosby and Bishop, 1928, Cornell Univ. Agr. Expt. Sta. Memoir 101: 1059. 
Philodromus aureolus cespiticolis, Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 781. 
Philodromus aureolus var. cespiticola, Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4), p. 3551. 


Male.—Total length 4.4 + 0.35 mm.; cephalothorax 2.1 + 0.20 mm. long and 
2.1 + 0.19 mm. wide. Femur II 3.2 + 0.34 mm. long. Ocular y aes 49 0.28 
+ 0.022 mm. long and 0.40 + 0.026 mm. wide posteriorly. Twenty male spec- 
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imens were measured. Carapace usually of equal length and width, but gradually 
narrowed at the side margins in the anterior half; sides reddish-brown, pale median 
band narrow in the posterior half, with slightly irregular margins, expanding toa 
width about equal to that of the posterior row of eyes anteriorly, terminating at 
the anterior medians; side margins with an irregular white band. Legs yellowish, 
sometimes slightly darker at the ends of the segments. Abdomen w vith a brown 
heart mark, remainder of dorsum usually suffused or mottled with lighter brown 
to grey; venter pale. ; 

Tibia of palpus armed with a slender apophysis that is semi-erect, little tapered, 
and cut off obliquely at the tip ( (Fig. 10). Ventral apophysis of tibia subdivided 
(Fig. 7). Embolus angular in appearance due to three swellings on its outer side: 
one at the middle of the curve and two between the curve and the tip (Fig. 6). 


Female.—Total length 5.3 + 0.75 mm.; cephalothorax 2.1 + 0.15 mm. long 
and 2.1 + 0.16 mm. wide. Femur II 2.7 + 0.33 mm. long. Ocular quadrangle 
0.31 + 0.025 mm. long and 0.47 + 0.037 mm. wide posteriorly. Twenty female 
specimens were measured. Colouring of carapace similar to that of the male, but 
the entire front usually pale and including a distinct white V just in front of the 
dorsal groove. Abdomen with a pale brown heart mark, and alternating, narrow, 
white and brown chevrons beginning at the middle of this mark and extending 
to the anal lobe; sides dark brown. Legs often speckled with brown on prolateral 
surface. Epigynum composed of a pair of funnel shaped ducts that are plainly 
visible ap 4 the integument, between the openings of which is a deep depres- 
sion (Fig. 27); spermathecae approximately triangular in dorsal view and less than 
the ph. ai of one of them apart (Fig. 40). 


Type Localities:—Holotype or syntypes of Aranea cespitum presumably from 
the vicinity of Paris, France, originally in the Walckenaer collection, now pre- 
sumed lost. Male and female syntypes of maculatus from the vicinity of Toronto, 
Ontario, presumed lost. Three male and one female synty pes of canadensis from 
Ottawa, Ontario, June 17, 1916 (Emerton, J. H.), in the Museum of C Jomparative 
Zoology at Harvard College. 


Other Localities.—District of MacKenzie: Fort Resolution, Great Slave Lake; 
Outpost Island, Great Slave Lake; Aklavik. British Columbia: Columbia, 2,800 
feet elevation; Osoyoos; Fairview; Okanagan Falls; Penticton; Fountain Valley. 
Alberta: Calgary; Cow ley; Medicine Hat; Milk River Valley, west of Comrey; 
Onefour. W ashington: Pullman; Brewster, Okanagan Country; Dry Falls, Grant 
County; Spearfish, Klickitat County. Montana: Bozeman; Girds Creek, Ravalli 
County. Oregon: Umatilla; 8 miles south of Princeville; Corv allis; Summer Lake, 
Lake County; Dayville; Indian Ford Creek, near Sisters, Deschutes County. 
Idaho: Black Nose Peak, Lemhi County; Boise. Utah: Richfield; west shore of 
Utah Lake. Colorado: Fort Collins; Mancos; Denver; Estes Park, Rocky Moun- 
tain National Park. Arizona: 17 miles northeast of Whiteriver, White Mountains. 
New Mexico: Pecos. Saskatchewan: Prince Albert; Saskatchewan River. Mani- 
toba: Aweme; The Pas; Wabowden; Winnipeg; Treesbank. South Dakota: Dillon 
Pass; Martin. Minnesota: Princeton. lowa: Sioux City. Wisconsin: Madison; 
Prairie du Chien; Glen Haven; Peninsula State Park, Door County; Oconomowoc. 
Illinois: Waukegan; Rockford, Winnebago County. Nebraska: Kearney; Lincoln; 
Broken Bow; Albion; Clarks; Calamus, Holt County; North Platte; Mitchell; 
Osmond; Lake Babcock. Indiana: Hammond; Knox County; Ogden Dunes, 
Porter County; Dune Acres, Porter County; Mount Vernon. “Ontario: Ottawa; 
Sundford; Long Lac; Vineland; Pointe au Bavil; Kingston; Wellington; North Bay; 
Owen Point, Prince ‘Edw ard County; Oakville; Ravenshore, York County, Island 
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1024, Lake Temagami; Point Pelee; Manitoulin Island; London; Marmora; Tar 
Island, Rockport; Normandale; Klotz Lake, 30 miles east of Long Lac. Michigan: 
Coloma, Berrien County; Sanford, Midland County; Selfridge Field, near Detroit; 
New Baltimore, Macomb County; Ann Arbor; Lake Otsego. Ohio: Conneaut, 
Ashtabula County. Quebec: Ste. Hilaire; Lanoraie; Aylmer; Fort Coulonge; 

es Laurentide Park; Rupert River; Ste. Anne de Bellevue; Old Chelsea. 

ew York: Ithaca; Dunkirk; Long Lake, Adirondack Mountains; Buck Island, 
praia Bay; L akeside, Orleans County; Valcour Island; Chautauqua County; 
Middleport; Fairhaven; Axton. New Jersey: Ramsey. Nova Scotia: Lake Ainslie, 
Inverness County; Waterville, Kings County; Kentville, Upper Canard, Kings 
County; Martin River, L unenburg County. New Hampshire: Gorham; Hanover. 
Vermont: Johnson, Lamoille County; east of Hardwick, Caledonia County. Maine: 
Eastbrook; Machias. Massachusetts: Cambridge. 


Range.—Alaska and District of MacKenzie to Nova Scotia, south in the Rocky 
Mountains to Arizona and in the eastern mountains to New Jersey. Also occurs 
widely in the British Isles and Continental Europe, Caucasia, and Siberia (Lindroth, 
1957; Bonnet, 1958). 

Comments and Diagnosis. —This is the only holarctic species in the aureolus 
group. It is unique in being predominantly brown in colour, and also in certain 
details of the external genitalia: the subdivided ventral apophysis of the male 
palpal tibia distinguishes this spider from all others in the group. The epigynum 
of females departs, too, from the general form: the ducts lie close to the surface, 
and bend away from the mid- line rather than toward it. Whether or not this 
carries with it a modification in copulation is not known. In spite of these peculi- 
arities, however, cespiticolis is basically related to pernix and similar species by 
the main features of the male palpus, including the structure of tibial apophyses, 
bulb, and embolus. 

The name P. aureolus (Clerck) may no longer be used for this species. The 
author has compared material from various parts of its range in North America 
with specimens of P. awreolus and of P. cespiticolis from Europe, and find it to be 
identical with the latter, but distinct from true auvreolus in the external genitalia 
of both sexes. This conclusion has already been reached by Dr. W. J. Gertsch 
(unpublished), and recorded for Nova Scotia material (Dondale, 1956, p. 699) 
and for the North American continent in general (Lindroth, 1957, p. 106). 


The status of P. cespiticolis in the Palaearctic — nevertheless, remains a 
complex problem. According to Simon (1932), Savory (1935), Locket and 
Millidge (1951), and others there is a series of puzzling forms all related to 
aureolus, and including cespiticolis. Bonnet (1958) records no less than 15 of 
these forms, which he calls varieties, and many of which overlap one another in 
range. If these are true varieties and not subspecies or species, this implies a rather 
large gene pool within the species aureolus (in the broad sense), various combina- 
tions of genes of which result in different varieties. Of the 15 “varieties”, how- 
ever, only cespiticolis is produced in North America, and here it shows undoubted 
constancy of external genitalia, size, colour, and habitat relations throughout its 
large range. This is the evidence upon which cespiticolis is here considered not 
merely a variety or subspecies of aureolus, but a good species. Dr. Gertsch (in 
litt.) points out ‘that the same relationship may hold in England, where Locket and 
Millidge (1951) report both awreolus and cespiticolis occurring in the same kind 
of habitat. 

Blackwall’s (1846) detailed description of the tibial apophyses of the male 
palpus leaves no doubt that his maculatus is identical with cespiticolis. Some 
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authors have followed Banks (1910) in considering maculatus to be a good species, 
and expositus and signifer to be synonyms of it. Gertsch (1934) rejected this 
idea, but expressed no opinion as to the status of maculatus. The present author 
has seen the types of canadensis and confirmed Bryant’s (1933) synonymy of 
this species w ith cespiticolis (= aureolus of American authors). 


9. Philodromus laticeps Keyserling 
Figs. 14, 25, 31, 42 


Philodromus laticeps Keyserling, 1880, Die Spinnen Amerikas, Laterigradae, pp. 208, 215, Pl. 5, 
Fig. 118. Female. 
Marx, Jn Howard, 1883, List of the Invertebrate Fauna of South Carolina, p- 25; 1890, Proc. 
United States Nat. Mus. 12: 559. 
Banks, 1900, Proc. Acad. Nat. Sci. Philadelphia 52: 537; 1910, Bull. United States Nat. Mus. 
72: $2. 
Petrunkevitch, 1911, Bull. American Mus. Nat. Hist. 29: 419. 
Emerton, 1930, Pub. Nantucket Maria Mitchell Assoc. 3: 171. 
Bryant, 1933, Bull. Mus. Compar. Zool. Harvard College 74: 185. 
Muma, 1944, American Mus. Novitates 1257: 9; 1945, Bull. Univ. Maryland Agr. Expt. Sta. 
A38 (Tech.): 47. 
Chamberlin and Ivie, 1944, Bull. Univ. Utah 35 (9) (Biol. Ser. 8 (5)): 162. 
Muma and Jeffers, 1945, Ann. Ent. Soc. America 38: 250. 
Kaston, 1945, American Mus. Novitates 1290: 9; 1948, Bull. Connecticut State Geol. Nat. 
Hist. Surv. 70: 436, Figs. 1586-1588. 
Roewer, 1954, Katalog der Araneae 2 (Pr. 1), p. 787. 
Bonnet, 1958, Bibliographia Araneorum 2 (Prt. 4), p. 3572. 
Philodromus robustus Emerton, 1892, Trans. Connecticut Acad. Arts and Sci. 8: 376, Pl. 32, 
Figs. 1, la. Male. 
Bryant, 1908, Occas. Papers Boston Soc. Nat. Hist. 7: 67. 
Banks, 1910, Bull. United States Nat. Mus. 72: 52. 
Petrunkevitch, 1911, Bull. American Mus. Nat. Hist. 29: 421. 
Crosby and Bishop, 1928, Cornell Univ. Agr. Expt. Sta. Memoir 101: 1059. 
Worley and Pickwell, 1931, Univ. Nebraska Studies 27: 70, 72. 
Chamberlin and Ivie, 1944, Bull. Univ. Utah 35 (9) (Biol. Ser. 8 (5)): 163. 
Muma, 1945, Bull. Univ. Maryland Agr. Expt. Sta. A38 (Tech.): 48. 
Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 789. 
Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4), p. 3583. 
Philodromus louisianus Chamberlin, 1924, Proc. United States Nat. Mus. 63: 23, Pl. 5, Fig. 39. 
Female. 
Philodromus lutulentus Gertsch, 1934, American Mus. Novitates 707: 24. Male. New Synonymy. 
Roewer, 1954, Katalog der Araneae 2 (Pt. 1), p. 787. 
Bonnet, 1958, Bibliographia Araneorum 2 (Pt. 4), p. 3573. 


Male.—Total length 5.3 + 0.71 mm.; cephalothorax 2.4 + 0.40 mm. long and 
2.4 + 0.33 mm. wide. Femur II 3.6 + 0.68 mm. long. Ocular quadrangle 0.41 
+ 0.078 mm. long and 0.64 + 0.036 mm. wide posteriorly. Ten male specimens 
were measured. Carapace rather abruptly narrowed at the sides, at the level of 
the posterior lateral eyes; sides reddish-brown; pale median band extending over 
eye area and front; lateral eyes on inconspicuous tubercles, all eyes often narrowly 
ringed with white. Legs noticeably hairy; orange-yellow, minutely speckled with 
brown on prolateral and retrolateral surfaces: patellae with a thin, black, retro- 
latero-ventral, longitudinal band, which, on legs III and IV, extends round to the 
dorsal surface at end of segment and continues about half the length of the tibia. 
Abdomen diffuse purplish-brown, darker on posterior half, with a coat of shiny 
scales. Venter pale. 


Tibia of palpus as long as, or slightly longer than, patella; lateral apophysis a 
long, nearly straight spur (Fig. 14); ventral apophysis weakly sclerotized, usually 
wide as long, rounded or truncate at tip (Fig. 25). Embolus arising at a point 
about midway along bulb to slightly proximad of this point, on prolateral side 
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(Fig. 25), slung in a transparent membrane throughout most of its length. A 
strong seta situated near point where embolus terminates. 

Female.—Total length 6.4 + 0.81 mm.; cephalothorax 2.7 + 0.25 mm. long 
and 2.6 + 0.27 mm. wide. — Il 3.6 + 0.38 mm. long. Ocular quadrangle 
0.45 + 0.053 mm. long and 0.75 + 0.034 mm. wide posteriorly. Thirteen female 
specimens were measured. Shape and colour much as in male, but abdomen 
without shiny scales. Epigynum with a uniformly depressed median plate, thick- 
ened sides, and a strong, transverse ridge posteriorly (Fig. 31). The ridge in some 
specimens extending forward ina sharp point over the median plate. Spermathecae 
large and pearshaped, lying at the genital groove (Fig. 42). Ducts in some speci- 
mens looped well forw ard as in the figure, in others barely protruding from behind 
the spermathecae. 

Type Localities.—Holotype female of laticeps from Georgia, originally de- 
posited in the Simon collection, not now with that part of the collection in the 
British Museum (Natural History) and presumed lost. Holotype male of robustus 
from Beverly, Massachusetts, May 24 (J. H. Emerton), in the Museum of Com- 
parative Zoology at Harvard College. Holotype female of louisianus from Man- 
deville, Louisiana, May, 1921 (H. E. Hubert), in the Museum of to, mag 
Zoology at Harvard College (No. 561); a female paratype, with the same data, i 
the University of Utah collection. Holotype male of /utulentus from od 
Georgia, May, 1899 (J. H. Emerton), in the American Museum of Natural History. 

Other Localities.—Louisiana: Talisbeak. Mississippi: Camp Shelby. Alabama: 
Alberta City, Tuscaloosa County. Georgia: 2 miles west of Sy lvania; between 
Clarkesville and Toccoa; Thompson’s Mills. Florida: Alachua ‘County. Mary- 
land: Salisbury. New Jersey: Midwood; Englewood; Mount Misery, near Brown 
Mills, Lebanon State Forest. New » York: Bayville; Ithaca. Massachusetts: New- 
ton. New Hampshire: West Gininee. : 

Range.—Louisiana to Florida, north to New Hampshire and Massachusetts. 

Comments and Diagnosis.—Although Keyserling’s type of laticeps is presumed 
lost, there is no doubt as to the identity of his species. His illustration of the 
epigynum shows clearly the high transverse ridge posterior to the median plate 
and the long, looped ducts found in most females from the southeastern United 
States. 

The male of laticeps remained unknown until Kaston (1945) examined the 
type of robustus and found it to match females of laticeps. This synonymy was 
confirmed in the present study by comparing the type and other males of robustus 
with several females of latic eps. The holotype female of louisianus, as well as 
two other females from Louisiana that are labelled as paratypes of the same species, 
but which were not indicated as such in the original description, were also ex- 
amined. These agree well with females of laticeps from the southeastern United 
States. Similarly the holotype male of P. lutulentus Gertsch was examined and 
found to be identical with laticeps. 

P. laticeps, while sharing many characters with the other members of the 
aureolus group, also shows affinities with rufus and its allies. This species could 
be classified with either group with more or less equal justification. Its carapace 
proportions, eye tubercles, lateral tibial apophysis, embolus sling, and spermathecae 
link it with the awreolus group. On the other hand, the wide ocular quadrangle, 
white eye rings, somewhat lobelike ventral tibial apophysis, long thin embolus, 
and looped epigynal ducts are features found mainly in the rufus group. P. laticeps 
also has a few characteristics that are unique, viz., the posterior position of the 
copulatory openings and the transverse ridge of the epigynum. 
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Summary 

The aureolus group in the genus Philodromus is composed of nine species. 
P. cespiticolis ranges widely in the Holarctic region, but the others are restricted 
to North America. 

In this group the carapace is equal in length and width or, at most, only 
slightly longer than wide. Eye tubercles, which are always inconspicuous, are 
restricted in most species to the lateral eyes, particularly to the posterior laterals. 
Body colours are mainly diffuse browns and greys. The main features of the 
external male genitalia are the lobelike base and supporting membranous sling of 
the embolus, and a large sensory seta that is situated on the bulbal wall not far 
from the tip of the embolus. In females the median plate is usually prominent 
and is narrowed at the sides anteriorly, but in cespiticolis and laticeps it is distinctly 
depressed. The spermathecae are ovoid or pearshaped bodies lying immediately 
in front of the genital groove. 
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Parasitism of Spruce Budworm by Glypta and Apanteles at 
Different Crown Heights in Montana 


By Harotp R. Dopce* 


Intermountain Forest and Range Experiment Station 
Forest Service, U.S. Department of Agriculture 
Missoula, Montana 


Introduction 


Glypta fumiferanae (Vier.) (Ichneumonidae) and Apanteles fumiferanae 
Vier. (Braconidae) are two of the most common parasites of immature larvae of 
the spruce budworm, Choristoneura fumiferana (Clem.). Females parasitize the 
minute host larvae in the fall. Their eggs or larvae lie dormant within the hiber- 
nating host larvae, and then resume development in the spring, when the spruce 
budworm larva breaks hibernation and commences to feed. The budworm host 
is killed by Apanteles usually when it is in the fifth larval instar or by the Glypta 
when it is in the sixth instar. 

The parasite females lay their eggs within the body of the first or second 
instar budworm larva, probably most commonly after it has spun its hibernaculum. 
Results of this study indicate this to be true, ‘although Miller (1959) states that 
Apanteles will oviposit freely in the active, crawling larvae. 

Jaynes (1954) has shown that spruce budworm larvae on balsam fir in Maine 
were more heavily parasitized by Apanteles in the upper crown of the tree. Miller 
(1959) came to the same conclusion in New Brunswick studies. Jaynes’ figures 
for Glypta were not conclusive, probably because Glypta comprised ‘only a small 
part of the parasite population in his study. 


1Entomologist. 
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Two reasons justify repeating Jaynes’ experiment in Montana. First, valuable 
information should be obtained on Glypta, which is generally more abundant than 
Apanteles in the Rocky Mountains. Second, the principal western host tree is 
Douglas- -fir, which is rough- -barked in contrast to balsam fir. Therefore, an ex- 
periment was set up to determine the occurrence of these two parasites at different 
crown heights under local conditions. 

The spruce budworm hibernates as second instar larvae, each in a small web, 
or hibernaculum, in various crevices on the bark of foliated and bare parts of 
limbs or the trunk of the host tree. Lichens, when present, are a favourite hiber- 
nating place. The thicker bark of the trunk of the tree, with its deep crevices, 
probably receives most of the larvae, but the trees used in this study are sampled 
yearly for budworm parasites, and so cannot be sacrificed by felling to remove a 
bole section. 

A whole limb from the lower crown is a handy sampling unit, usually offering 
considerable rough bark for concealment of the larvae, and having further advan- 
tage that individual trees can be sampled yearly without i injury. This study has 
not determined whether such a limb gives an example of parasitism that would be 
typical for the entire tree; neither does it determine at what height in the tree a 
limb would give a better sample. 


Methods 

Dominant or codominant trees ranging in height from 40 to 85 feet were 
selected for sampling. Limbs or stubs near the ground made climbing easier. 
The trees were Douglas-fir, except for one spruce (Table 1). Limbs from the 
12 trees selected were cut from the lower, middle, and upper thirds of each crown. 
Because of differences in height of the individual trees and in the total crown 
length, limbs in the lower third were taken at heights ranging from 6 to 15 feet, 
the middle third from 16 to 35 feet, and the upper third from 28 to 60 feet (see 
Table 1). 

There was a disparity in sample size due to the great variation in size of limbs 
from tree to tree and within the crowns of individual trees. The uppermost limbs 
were always smaller and usually smooth-barked, whereas some lower crown limbs 
were extremely large or rough- -barked and one was nearly devoid of foliated twigs. 
Dead limbs were not sampled. As many as three to five limbs were cut from the 
upper crown of certain trees to compensate for their smaller size. Some trees 
were sampled twice, in an effort to obtain adequate numbers of larvae from certain 
heights. A record was made of the length, basal diameter, and approximate bark 
surface of each limb. Limbs varied from 5 to 15 feet in length and from % to 
3% inches in diameter. 

Limb samples were taken March 26, April 7, April 26, and May 18, 1958. 
There was evidence that hibernation was breaking on the latter date, so the larvae 
reared from collections on that date, including trees number 3 and 7, are not 
included in the comparison of larvae reared from foliated versus nonfoliated parts 
of the limbs (Tables III and IV). 

The limb samples were brought into the laboratory, separated into foliated 
twigs and nonfoliated larger branches, and then placed in 5-gallon ice cream 
cartons according to a method devised by Denton (1953) and illustrated by 
Terrell (1959) for forced emergence of budworm larvae from bole sections. As 
the emerging larvae entered glass vials fitted into the lids of the cartons, they were 
removed daily and dissected under a binocular microscope to determine parasitism. 
If they could not be dissected immediately they were refrigerated alive until 
dissection. 
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TABLE I 


Description of the trees sampled 


Height above ground 








Tree number Tree size at which limbs were 
Plot removed (in feet) 
number f Notes 
serial per- height | d.b.h.| lower | middle | upper 
manent (feet) | (in.) | crown crown crown 
1 55 3 80 26 15 “35 50-55 | “Wolf” tree; large limbed 
2 58 3 52 12 14 32 44 
3 60 3 55 16 6 25 37-45 
4 63 3 65 16 9-14 28-35 50-52 | Engelmann spruce 
5 66 3 65 13 10-13 25 41-50 
6 75 3 55 14 7 22-24 37-43 
7 75a 3 40 12 7-10 | 20 32 
8 77 3 70 12 2-10 20-30 40-49 
9 4 1 80 18 8 20-24 40-60 | Large limbs, dense crown 
10 8 1 65 12 15 24 44 | 
11 28 2 52 12 9 24 42 | Dense, full crown 
12 - 42 12 9-10 16-20 28-32 


Each budworm larva was dissected in a droplet of water on a microscope 
slide or “Vapocan” lid under medium power of a binocular dissecting microscope. 
The egg shells of Glypta are often visible beneath the skin of the undissected 
larva, but cannot be accepted as proof of parasitism by Glypta, because it was 
frequently found that Apanteles had also parasitized ‘the same larva host and 
invariably had overcome the Glypta larva or prevented the Glypta egg from 
hatching. Often two or three and even as many as six Glypta eggs are found 
within one larva, but only one parasite, be it Glypta or Apanteles, ever survives 
within a single host. 

Identification of these two parasites was made by comparison with published 
figures. The life history stages of both have been described and figured by Brown 
(1946 a,b). 

Glypta has an elongate, brown egg, which is about as long as the diameter of 
the second instar host larva. The first instar larva has a brown, asymmetrical 
thimble-shaped head capsule which is turned downward and is no wider than the 
diameter of the body. Rarely a dissected budworm will contain an unhatched 
egg, sometimes a dead egg w hich has darkened, and occasionally a hatched egg 
shell is present, with no trace of either a Glypta or an Apanteles larva. In these 
instances the larva is considered to be parasitized by Glypta. 

Apanteles eggs are said by Brown (1946a) to be brown in colour, but they 
have never been recognized in Montana dissections. Apparently the Apanteles 
egg hatches in the fall, whereupon the empty shell completely disintegrates, or 
may be eaten by the parasite larva. The first instar larva is white in colour and 
shaped like a flatheaded borer larvae, with a broadened head. It is very hard to 
distinguish against a white background, and for this reason a light brown or grey 
background is preferred for making dissections. The living Apanteles larva often 
curls into a ball when released from its host, and sometimes will be first noticed 
floating in the surface film upon re-examination of the droplet. 


To review super or multiple parasitism, only one parasite larva per host 
survives more than a short time after hatching, and Apanteles always kills Glypta 
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TABLE II 


Emergence of hibernating spruce budworm larvae and their parasitism by Glypta and A panteles 
at three crown heights in 12 trees 





No. of budworm No. of budworm No. of budworm No. of budworm 
larvae in larvae in larvae in larvae in 
lower crown middle crown upper crown entire crown 
Tree 
number Parasitized Parasitized Parasitized Parasitized 
Total Total Total Total 
by by by by by by by by 
Glypta|Apan- Glypta|Apan- Glypta|Apan- Glypta|Apan- 
teles teles teles teles 
1 17 3 0 144 50 10 19 2 3 180 55 | 13 
2 35 7 19 6 5 7 0 0 61; 17] 12 
3 221 | 107 18 90 24 25 167 37 25 478 168 | 68 
4 172 41 5 78 22 12 75 9 7 325 72 | 24 
5 94 37 7 133 33 12 236 59 40 463 129; 59 
6 60 27 2 39 10 8 24 5 4 123 42 14 
7 59 22 12 92 25 25 38 12 6 189 59 43 
8 46 9 0 141 43 34 34 4 8 221 56 42 
9 172 24 17 503 86 25 100 12 19 775 122 61 
10 89 18 6 120 25 23 40 3 9 249 46 38 
11 813 | 192 113 602 | 100 81 214 51 60 1,629 343 | 254 
12 299 98 35 260 49 84 119 22 39 678 169 | 158 


Total | 2,077 | 589 2,221 | 473 344 1,075 | 216 220 | 5,371 | 1,278 | 786 


nN 
NR 
tN 


if, as commonly happens, they compete for the same host. The surplus Glypta 
larvae appear to vanish without a trace, whether they are killed by their own kind 
or by Apanteles. Not even an empty Glypta head capsule has been found in 
budworm larvae harbouring four to six hatched Glypta egg shells. The surviving 
larva, be it Glypta or Apanteles, does not appear to have increased in body size, 
nor can any aliment be distinguished in its gut. 


Results 

A total of 5,371 spruce budworm larvae were recovered from 12 trees, the 
number per tree varying from 61 to 1,629. Parasitism on an individual tree basis 
ranged from 23.6 (tree no. 9) to 53.9 per cent (tree no. 7), and averaged 38.4 
per cent. Glypta outnumbered Apanteles in all trees studied, but by only a few 
individuals in some trees (Table II). 

The data in Table II were tested by Wilcoxon’s (1949) method for determin- 
ing the significance of differences between paired replicates. For Glypta there is 
no significant difference between the lower and middle thirds of the crown but 
parasitism was significantly higher in the lower third and the middle third, com- 
pared with the upper third of the crown. For Apanteles there is no significant 
difference between the middle and upper thirds of the crown, but a highly 
significant increase in parasitism in the middle and a significant increase in the 
upper third, as compared with the lower third of the crown. For combined 
parasitism by both Glypta and Apanteles there was a significant decrease in the 
upper third compared with the middle third; other differences were not 
significant. 

Calculation of parasitism by Glypta based on means from individual trees 
shows: lower third 29.5 per cent, middle third 24.9 per cent, upper third 16.2 
per cent. Calculation of parasitism by Apanteles based on means from individual 
trees shows: lower third 8.6 per cent, middle third 19.2 per cent, and upper third 
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TABLE III 


Emergence of hibernating spruce budworm larvae and their parasitism from the nonfoliated 
parts of limbs at three crown heights 


No. of budworm 
larvae in 
lower crown 


No. of budworm 
larvae in 
middle crown 


No. of budworm 
larvae in 
upper crown 


No. of budworm 
larvae in 
entire crown 


Tree 
number Parasitized Parasitized Parasitized Parasitized 
Total Total Total Total 
by by by by by by by by 
Glypta Apan- Glypta|Apan- Glypta|Apan- Glypta|Apan- 
teles teles teles teles 
1 15 3 0 64 26 5 7 1 1 86) 30 | 6 
2 32 11 6 18 6 4 0 0 0 50 | 17 10 
4 140 34 1 6 1 0 4 2 1 150 37 2 
5 77| 33 5 28 | 10 3 6 4 0 111 | 47 8 
6 29 16 0 13 4 P 2 1 0 44 21 2 
46 9 0 97 36 27 12 2 3 155 47 30 
9 129 19 10 454 81 16 60 8 6 643 | 108 32 
10 68 15 4 44 17 5 6 0 1 118 | 32 10 
11 466 | 126 42 364 68 41 2 0 2 832 | 194 85 
12 219 87 18 66 18 23 2 0 0 287 | 105 41 
lotal 1,221 | 353 86 1,154 | 267 126 101 18 14 2,476 | 638 226 


17.9 per cent. Calculation of combined parasitism by Glypta and Apanteles 
shows: lower third 38.1 per cent, middle third 44.1 per cent, and upper third of 
crown 34.1 per cent. 


A comparison of the emergence and parasitism of budworm larvae from the 
foliated portions of the limbs with those from the nonfoliated portions, or “bark,” 
is possible from data presented in Tables II] and IV. Certain data, including those 
pertaining to trees 3 and 7, had to be dropped from those tabulations because the 
last collection was made after the larvae had started to break hibernation and move 
to the new buds. An examination of Table III shows that very few larvae were 
obtained from the bark of limbs from the upper third of the crown and Table IV 
shows that the first six trees listed yielded relatiyely few larvae from the foliage 
at all levels. 

Despite these inadequacies, it is possible to determine the significance of the 
differences between parasite populations recovered from the bark and those 
recovered from foliage. Parasitism by Glypta was highly significantly greater 
in the budworm larvae reared from the bark than in those reared from foliage. 
Apanteles parasitism was significantly greater in the foliage than in the bark. 
Parasitism by Glypta and Apanteles combined, however, is not significantly 
greater in the bark than in the foliage. 


Limbs from the lower and middle thirds of the crown yielded twice as many 
budworm larvae from the bark of the nonfoliated parts of the limb as from the 
foliated twigs (Tables III and IV), whereas limbs from the upper third of the 
crown yielded five times as many larvae from the foliated twigs as from the 
relatively smooth-barked nonfoliated parts of the limbs (Table IV). For most 


trees, very few larvae were reared from the foliage samples taken from the low 
part of the crown; tree 11 is an outstanding exception. 
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TABLE IV 


Emergence of hibernating spruce budworm larvae and their parasitism from foliated parts of 
limbs at three crown heights 





No. of budworm No. of budworm No. of budworm No. of budworm 
larvae in larvae in larvae in larvae in 
lower crown middle crown upper crown entire crown 
Tree | 
number Parasitized Parasitized | | Parasitized Parasitized 
Total Total | Total | | Total | 

by by by by by | by | by | by 
Glypta|Apan- \Glypta Apan- Glypta|Apan- | |Glypta|Apan- 
teles teles teles | | teles 

1 2 0 0 1 0 o | 11 1 1 | 14] 1 1 

2 3 0 1 1 0 4 7 0 0 11 0 2 

4 8 1 1 4 0 0 57 6 5 69 yr © 

5 8 3 1 7 hg 9 | 3 1 24| 8 | 2 

6 3 1 0 26 6 6 22 4 4 51 11 | 10 

8 5 0 0 39 7 7 22 2 5 oi ¢ |. 

9 43 5 7 49 5 9 40 4 13 132; 14 | 29 
10 21 3 2 76 8 18 34 E 8 | 131| 14 | 28 
11 347 66 71 238 32 40 212 51 58 | 797 149 | 169 

12 80 11 17 194 31 61 | 117 22 39 391 | 64 | 117 


Total 520 90 100 | 635 91 142 531 96 | 134 1,686 | 277 | 376 


Conclusions 

Glypta fumiferanae exerts its highest parasitism on spruce budworm larvae 
hibernating in the coarse bark crevices of the lower and middle part of the crown. 
Apanteles “fumiferanae, with its shorter ovipositor, most successfully parasitizes 
larvae in the foliage, and is most abundant in the upper and middle part of the 
crown. Since a large part of the budworm population on each Douglas-fir host 
probably hibernates in the bark crevices of the bole, a site favoured by Glypta 
and not favoured by Apanteles, neither larvae from bole sections nor larvae from 
limbs can be expected to give a true picture of parasitism. A whole limb from 
the middle third of the crown appears to be adequate for determining proportional 
parasitism by these two insects, but shows a slightly exaggerated picture of 
parasitism. When one considers the preponderance of Glypta in larvae hiber- 
nating in the bole of the tree, a fact previously established from studies of bole 
sections though boles were not sampled i in this study, one must admit that a limb 
from a lower crown position may give the best index of parasitism. Perhaps this 
limb should be from the lowermost whorl of vigorous branches. This should 
be confirmed by determining the distribution and parasitism of the spruce 
budworm on an entire tree basis. 


Summary 


Limbs were obtained from lower, middle, and upper thirds of the crowns of 
12 trees, predominantly Douglas-fir, infested with spruce budworm, Choristoneura 
fumiferana (Clem.). Issuing budworm larvae, varying in number from 61 to 
1,629 per tree, were dissected to determine the amount and distribution of 
parasitism by the larval parasites Gly pta fumiferanae (Vier.) and Apanteles fumi- 
feranae Vier. Parasitism from both species varied from 23.6 per cent to 53.9 
per cent per tree, with an average of 38.4 per cent. Parasitism by Glypta was 
significantly higher in the lower and middle crowns than in the upper crown and 
that by Ap: mteles was significantly greater in the upper and middle crowns as 
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compared with the lower crown. Combined parasitism was greatest in limbs from 
midcrowns. A comparison of rearings from foliated and nonfoliated parts of the 
limbs clearly showed that Glypta is more abundant in budworm larvae hibernating 
under bark scales, whereas Apanteles is most common in larvae hibernating in the 
foliage. In this experiment, parasitism of budworm larvae averaged 23.8 per cent 
from Glypta and 14.6 per cent from Apanteles. 
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Artificially Disseminated Virus as a Factor Controlling the 
European Spruce Sawfly, Diprion hercyniae (Htg.) in the Absence 
of Introduced Parasites’ 


By F. T. Birp anv J. M. Burk 


An outbreak of the European spruce sawfly, Diprion hercyniae (Htg.), oc- 
curring in Eastern Canada between 1930 and 1942, was controlled by a virus 
disease (Balch and Bird, 1944). The sawfly has been kept at a low level by the 
disease and by parasitic insects introduced from Europe (Bird and Elgee, 1957). 

An infestation of the sawfly was discovered in 1947 near Sault Ste. Marie, 
Ontario, by the Forest Insect Survey Section of the Forest Biology Laboratory 
at Sault Ste. Marie. This infestation was about 100 miles beyond the previously 
known western distribution of the insect. Intensive larval sampling in 1949 
showed that it was free from virus and practically free from introduced parasites.’ 
Thus, an excellent opportunity was provided to introduce the virus into a disease- 
free population, to study its establishment and spread, and to compare the long 
term effects of virus alone on population trends with the effects that virus plus in- 
troduced parasites were shown to have on population trends in New Brunswick 


1Contribution No. 18, Insect Pathology Research Institute, Research Branch, Canada Agriculture, 
Sault Ste. Marie, Ontario, Canada, and No. 643, Forest Biology Division, Ottawa. 

2Drino bohemica Mesnil was liberated in the area in 1948, and a few specimens were recovered near 
the liberation points in 1949 (Annual Report of the Forest Insect Survey 1949, p. 56). 
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TABLE I 
The occurrence of disease among larvae on trees 
sprayed with virus and on adjacent unsprayed trees. 


Date of Sampling 


Trees sprayed 
with virus July 30 | Aug. 7 | Aug. 15 | Sept. 21} Oct. 2 | Oct. 12 | Oct. 20 
on July 21, 1950 ; 


No.| No.| No.| No.| No.| No.| No.| No.| No.| No.| No. No.| No.| No 


Dis Dis Dis Dis Dis Dis.| Dis 
‘ |_| ——} —__|_|_ 
Tree No. 1 9 1 6 1 | 10 4 2 1 2 1} O} 2 1 
Tree No. 3 3 1 1 1 1 1 0 0 0 0 
Tree No. 6 mi: @ 8 5 8 8 gi 2 4 1 0 0 
Tree No. 8 22 6 6 1 8 8 9 7 6 5 1 0 1 0 
Tree No. 17 14 3 6 3 7 5 5 5 13 6 | 10 8 3 2 
Tree No. 19 12 1 17 | 11 11; 11 2 Ete. 1 0 | 3 1 
Tree No. 20 S12 3 ail oi 613 aot 0 | 0 | 
Unsprayed Trees 
Tree No. 2 4 0 5 0 2 0 10 0 8 ay 3 0 
Tree No. 4 0 0 1/0] 4] 0] 1/0] 3] 0 
Tree No. 5 0 0 71 0/] 4] 0] 13| 3 | 10] 6 
Tree No. 7 9 1 5 1 7| 4 | 34] 24 4| 3 a) 3 
Tree No. 9 0 0 De 0 0 | 0 
Tree No. 10 2 0 7 ei 1 0 61 3st 2:3 1 0 
Tree No. 11 3 0 3 0 9 1 11 2 $} @ 2 1 
Tree No. 12 10 0 8 0; 10 4 6 3 4 i 2te 
Tree No. 13 0 0 5| 0 0 | 2; 0 1 0 
Tree No. 14 5 0 5 0 5 0 4 0 2 0} 4 2 
Tree No. 15 10 0 5 0 3 0 eT ee) 4 ei @ 0 
Tree No. 16 13 0 4 0; 8 0 5 ei21 86 1 0 
9 0 0 1 0 0 | 2 0 


Tree No, $3_ : 14 0 
(Bird and Elgee, 1957). The virus was introduced into the infestation in 1950 
and studies were carried out each year from 1950 to 1959. 


Methods 
The infestation covered an area of about four square miles. The area had 
burned over 50 years ago and only a few white spruce, Picea glauca (Moench) 
Voss, now 10 to 14 inches in diameter, survived. ‘These trees are scattered in the 
northern part of the infested area and there has been little or no regeneration, the 
ground cover consisting of wild grasses. The trees are quite numerous in the 
southern part and the area is thickly forested with young spruce. Twenty of the 
large trees were selected to make up a permanent plot; 16 from the southern and 
four from the northern region. Their distribution is shown in Fig. 1. 
2 
a 
se 4 


Teo? 5 
aerl2 #0 


*\3 oS 20 


400 FEET- 


17 
Fig. 1. Distribution of 20 sawfly-infested trees in plot in which virus was introduced. 
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TABLE II 
The occurrence of disease at the end of 1951 in areas where the virus 
was introduced and at varying distances from these areas. 


AREA A* No. of trees No. of larvae % of larvae 
sampled | collected diseased 


Sprayed Area 15 201 | 70 
Distance from Sprayed Area 

400 ft.—800 ft. 27 200 43 
800 ft.—1,200 ft. 13 120 12 
1,200 ft.—1,600 ft. 32 379 } 1 
1,600 ft.—2,000 ft. 51 698 3 
2,000 ft.—2,400 ft. | 3 172 1 
2,400 ft.—2,800 ft. 1 38 16 
2,800 ft.—3,200 ft. 10 } 39 0 
3,200 ft.— 15 146 0 
AREA B** 

Sprayed Area 2 7 85 
Distance from Sprayed Area 

400 ft.—800 ft. 6 100 1 
800 ft.—1,200 ft. 7 65 2 
1,200 ft.—1,600 ft. 8 | 136 0 
1,600 ft.—2,000 ft. 0 — 
2,000 ft.—2,400 ft. 0 - 
2,400 ft.—2,800 ft. 0 - - 
2,800 ft.—3,200 ft. 7 133 0 


*AREA A—Southerly area heavily forested with spruce. 
**AREA B—Northerly area sparsely forested with spruce. : 
\ small lake intervened between 1,600 ft. — 2,800 ft. 


Virus was sprayed on seven trees (trees 1, 3, 6, 8, 17, 19, and 20, Fig. 1). 
The virus suspension was prepared from larvae recently killed by the disease, 
using the procedure outlined by Bird (1953a). One gallon of suspension, con- 
taining about 1,000,000 poly hedra per millilitre of water, was sprayed on the 
seven trees (about one-half pint of suspension per tree). A hand-operated 
pressure sprayer was used and the operator climbed up into the tall trees to 
spray. Only partial coverage of the foliage was obtained. 


Larval samples were taken at weekly intervals from each of the 20 trees in 
the permanent plot. In addition, gener ral sampling of the sawfly-infested area 
was carried out in 1951, 1952, and 1953 to determine the spread of the disease. 


The method of sampling was the same as that used in the studies in New 
Brunswick (Bird and Elgee, 1957). A sample was taken by placing a seven-foot 
by nine-foot mat under a tree and jarring the larvae from the foliage with a 
10-foot pole. The limitations of this method have been discussed (Bird and Elgee, 
1957). It provides data for indicating population trends but not for calculating 
precise generation mortalities. It gives an estimate of the population and its 
condition at the time of sampling. It provides no information on the number of 
larvae that fell before sampling, nor on the number collected that would other- 
wise have become infected or parasitized. Also, some diseased larvae adhere to 
the foliage and are difficult to dislodge by beating. With all its limitations, it is 
considered the best method for obtaining larvae at low host densities. 


The incidence of disease was determined by two methods. Sterile mats 
were used in taking larval samples by the first method. The larvae that dropped 
on the mats were collected aseptically and reared individually in vials. Smears 
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TABLE III 
The occurrence of disease in 1952 and 1953 in areas where the virus 
was introduced in 1950 and at varying distances from these areas 


Time of sampling 


1952 1952 1953 


Area sampled /End of first generation|End s sec. generation|E nd of sec. generation 
No. No. af No. No. % No. | No. | &% 


Samples | Larvae |Dis.| Samples | Larvae |Dis.| Samples | Larvae |D.s. 





AREA A* | | 

Sprayed area | 29 | 198 | 34 | hj 6 | 16 | 35 | 131 | 21 
Distance from sprayed areal| | | 

400 ft.—800 ft. ae 33 10 | 13 15 84 | 150 26 
800 ft.—1,200 ft. 17 | & |B ae 23 48 | 191 21 
1,200 ft.—1,600 ft. 27 118 10; 17 37 38 SS 61 «296 18 
1,600 ft.—2,000 ft. 60 | 218 1; 41 | 146 | 18 153 384 16 
2,000 ft.—2,400 ft. 4 | 37 0 | 7 | ae) 49 | 16 
2,400 ft.—2,800 ft. 17 | 82 3 | :- | =a 11 74 253 4 
2,800 ft.— 18 | 41 5 | 

AREA B** 

Sprayed area 2 4 0 1 2 0 4 | #8 ita 
Distance from sprayed area 

400 ft.—800 ft. 5 19 0 y 2 0 | 9 33 0 
800 ft.—1,200 ft. 5 25 4 7 19 16 .s | 2 : 
1,200 ft.—1,600 ft. 6 28 | O| 7 15 20 17 31 3 
1,600 ft.—2,000 ft. 0 0 - 0 
2,000 ft.—2,400 ft. 0 0 - 0 i- 
2,400 ft.—2,800 ft. 0 0 0 | 
2,800 ft.—3,200 fv. 7 64 23 6 6 23 86 16 


*AREA A—Southerly area heavily forested with spruce. 
**AREA B—Northerly area sparsely forested with spruce. 
A small lake intervened between 1,600 ft. — 2,800 ft. 


from those that died were examined under the dark-field microscope for virus. 
In the second method, guts from the larvae were removed and examined for 
symptoms of disease within 24 hours after larval sampling. The virus develops 
within the nuclei of mid-gut cells (Bird, 1949, 1953b; Bird and Whalen, 1954) 
and diseased nuclei can be distinguished under the low power (20x) dissecting 
microscope. The gut is pulled out of the body of the larva with a pair of forceps 
after the head and part of the rectal area are cut off. Diseased nuclei appear 
larger, denser, and darker than normal nuclei. They contain many polyhedra 
and these can be identified, in cases of doubt, in squash preparations examined 
under the dark-field microscope. Infected cells appear in the gut 36 to 48 hours 
after larvae are fed virus. A slightly lower figure for disease might therefore be 
obtained, than prevailed at the time of sampling, by examining larvae within 24 
hours. A higher figure might be obtained with the first method because of 
accidental contamination of larvae at the time of sampling or during rearing. 
The reliability of both methods is indicated by the similarity in results. The first 
method was used from 1955 to 1958; the second from 1950 to 1954 and in 1959. 


Insect parasitism was determined by rearing all sawfly larvae collected in the 
samples from 1955 to 1958, that escaped virus infection, for the emergence of 
larval or adult parasites. No information on parasitism was obtained during the 
years that larvae were sacrificed within 24 hours for virus diagnoses. 
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Results 

Diseased larvae were found on six of the seven trees sprayed with virus, nine 
days after spraying (Table I). All sprayed trees contained diseased larvae after 
17 days and larvae on one unsprayed tree (number 7) situated very close to a 
sprayed tree (number 6, Fig. 1) were diseased. Larvae on two more of the 
unsprayed trees (number 11 and 12) were infected by virus within 60 days. By 
the end of the season, diseased larvae were found on seven of the 13 unsprayed 
trees. 

Table II shows the results of general sampling carried out during the latter 
part of 1951 (one year, or three sawfly generations, after the virus was in- 
troduced). Two areas were sampled, area A beginning with tree number 1 
(Fig. 1) and including 167 trees in the relatively heavily forested region in the 
southerly direction and area B beginning with tree 20 and including 30 trees in 
the sparsely forested northern region. Four days were required to collect the 
samples and all larvae were examined for virus infection within 24 hours. The 
data show: (1) that the disease was prevalent in the vicinity of the trees sprayed 
with virus; (2) that the proportions of larvae infected with the virus decreased 
as the distances from the area of virus introductions increased; and (3) that the 
disease was more prevalent in area A than in area B. Diseased larvae were col- 
lected 2800 feet from the place of virus introduction in area A and 1200 feet in 
area B. Larvae collected on trees beyond these distances were free from infec- 
tion. 


There was a further spread of the disease during the first sawfly generation 
in 1952 and it was found throughout the infestation (Table III). A gradation in 
the incidence of the disease in area A from the sprayed area outward could still be 
detected but this largely disappeared during the second generation. Larvae on 
a cluster of trees on the distant side of a lake in area B (2800 feet to 3200 feet 
from the sprayed area) which were free from infection in 1951 became infected 
during the first-generation period of 1952. Larvae on a few isolated trees in 
area B, 400 feet to 800 feet from the sprayed area, however, were still not infected 
by the end of 1953. 


Figure 2 shows the annual fluctuations in larval populations and prevalence 
of disease on the 20 selected trees from 1950 to 1959. (The sawfly has two 
generations each year, as in central New Brunswick, and there are two peaks 
of larval abundance, the first occurring in the middle of July, the second early in 
September. The late summer population includes both first- and second- 
generation emergents and its size is influenced by the varying proportion of 
cocooned larvae that remain in diapause). Larval populations were maintained 
at a relatively high level with peaks generally above 15 larvae per sample. The 
summer of 1956 was an exception. This was a particularly cold, wet summer 
and weather was perhaps responsible for a small adult emergence. 


High proportions of the larvae collected from the 20 trees were infected 
with virus the year following its dissemination in 1950 and each year thereafter 
beginning with a small amount of infection the first generation. Some idea of 
the heavy mortality caused by the virus is obtained by ——s the ratios of 
the number of young larvae to mature larvae obtained in samples uring the first 
generation with those obtained in the second generation. In 1959 there were 1.2 
second-, third-, and fourth-instar for each fifth-instar larva taken in samples 
during the first generation whereas in the second generation the ratio was 4:1. 
This shows that many of the young larvae did not survive to the fifth instar. 
However, since the virus epizootic increases in intensity during the summer, the 
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greatest mortality occurs toward the end of the summer when most of the larvae 
are in their fifth instar. 


Figures 4 and 5 show the annual fluctuations in larval populations and 
prevalence of disease on two individual trees (trees 15 and 17) and demonstrate 
the considerable intertree variability, particularly i in the incidence of disease. No 
diseased larvae were found on tree 15 in 1959 and only small numbers in 1958 and 
1957 whereas on tree 17 high percentages of the larvae were infected during 
these years. 


Insect parasitism was practically nil. No introduced parasites were obtained, 
and only two specimens of a native parasite, Diplostichus hamatus (A. & W.); 
these emerged from sawfly larvae collected in 1955. 


Discussion 

The artificial dissemination of the virus of the European spruce sawfly, 
Diprion hercyniae (Htg.), in a formerly disease-free, moderately infested area 
was successful. The disease became established from a small initial introduction 
and spread rapidly throughout the infested area. Virus epizootics recurred each 
year and have prevented excessive population increases. The sawfly has been kept 
below the level necessary to cause economic damage or even serious defoliation. 
These results emphasize the infectiousness of the virus and its usefulness as a 
biological control agent. 


It is assumed that the virus was the “key” factor in determining population 
trends. There are many other factors w hich could affect populations and which 
have not been considered in this study. Weather has already been referred to as 
a possible explanation for a low population i in 1956. No information was obtained 
on predation by small mammals, so important in thé natural control of the sawfly 
in other areas (Morris, 1942). In general, however, conditions in the i in- 
festation at Sault Ste. Marie are similar to those in central New Brunswick where 
these and other factors have been studied and where it has been shown (Balch 
and Bird, 1944) that although they are important, the “key” factor prior to the 
establishment of introduced parasites was the virus. 


The importance of introduced parasites as a control factor is indicated by 
comparing population levels at Sault Ste. Marie (Fig. 2) where the parasites have 
not become established with populations in New Brunswick where high propor- 
tions of the larvae are parasitized (Fig. 3). In New Brunswick, populations were 
kept at less than two larvae per sample at peak periods for five years and not 
more than 15 larvae per sample for nine years. At Sault Ste. Marie, populations 
have been maintained at relatively high levels, above 15 larvae per sample at peak 
periods (except for one year) and as high as 55 larvae. 


The condition at Sault Ste. Marie is comparable to that in New Brunswick 
during the first virus epizootic before insect parasites became established. It 
differs in that in New Brunswick populations were reduced to a lower level. 
There are many factors which could be responsible for this, one being a reduc- 
tion in the virulence of the disease. An important conclusion in these studies, 
however, is not that there has been a slight unproven reduction in the virulence 
of the disease but that it has maintained a very high virulence for over 20 years. 
E ‘pizootics occur year after year if there is a sufficient number of insects for virus 
propagation; and in areas where it is not present, epizootics can be initiated by 
spraying virus on a few infested trees. 
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An Improved Container for Shipping Live Insects 
By C. F. Nicuoiis anp G. E. Maysee 


Entomology Research Institute for Biological Control 
Research Branch, Canada Department of Agriculture 
Belleville, Ontario 


Live insects have been shipped from the Belleville laboratory for many years 
by rail in wooden chests insulated with cork, lined with metal and cooled with 
natural ice. These chests were cumbersome and had to be re-iced en route or 
heavy mortality resulted. In 1959, a more reliable method was developed for 
shipping adult Aphidoletes thompsoni Moehn (Diptera: Cecidomyiidae), a _ 
dator of the balsam woolly aphid, Adelges piceae (Ratz.) (Homoptera: Aphididae) 
by air express. It incorporates the use of a lightweight container and a patented 
coolant in cans. Although it was developed specifically for A. thompsoni it was 
also used successfully for shipping other species. 
The container (Fig. 1, A) is of %-inch corrugated paper and measures about 
17 by 17 by 17 inches. It is lined with two layers of rigid Fiberglas insulation 
(B) (Fiberglas [Canada] Ltd., Toronto, Ontario), each one inch thick. The inner 
container (C) is of double thickness corrugated paper. It has a 44-inch fibreboard 
lid and measures about 6%, by 11 by 11% inches. A prerequisite number of cans 
of coolant (D) was placed in each of two spaces provided on the outside of the 
inner container. When few cans were used the remaining space was filled with 
blocks of insulation. The coolant, Ice-Pak, (Braided Products Ltd., Montreal 16, 
Quebec) is a patented freezing mixture sealed in 1-pint cans. Because it has a 
relatively low heat conductivity it lasts about four times longer than natural ice. 
This type of coolant can be reused almost indefinitely. 


The shipping container and the cans of coolant were pre-cooled for 48 hours 
at 45 and 9°F respectively, prior to packing a shipment. The insects were placed 
in a wooden box, pre-cooled to 45°F and deposited in the inner container (C). 
The -inch wooden sides of the insect box and the two layers of corrugated paper 
of the inner container have an equalizing effect between the temperature of the 
coolant and the temperature of the insects. Numerous thermographic recordings 
were made of the temperature within the insect box while the sealed shipping 
container was exposed to temperatures of 80 to 85°F for 96 hours. 
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Fig. 1. Corrugated paper shipping container with patented coolant in cans. 


A more or less stabilized temperature in the insect box was reached after about 
12 hours. The use of two cans of coolant resulted in a temperature of 55°F. 
During the next 36 hours it gradually rose to 68°F. The use of a maximum of 
12 cans produced a temperature of 39°F in 12 hours. In 96 hours it gradually 
rose to 66°F. Table 1 (A) shows various average temperature ranges which were 
obtained over periods of up to 96 hours by varying the quantity of coolant. 

Table 1 (B) shows temperature ranges which were obtained by similarly 
packing in containers that had not been pre-cooled and were at 80 to 85°F. 
Although these ranges were a few degrees higher and reached any given maximum 
in less time than in the pre-cooled containers they would provide adequate cooling 
in many instances. Moreover, they could be duplicated in the field laboratory 
where large pre-cooling facilities are not available. By either method an optimum 
temperature range could be selected from Table 1 to suit the species of insect to 
be shipped and the estimated time in transit. 

Temperature recordings were made in a wooden chest of comparable size 
which had been packed with natural ice and also exposed to atmospheric temper- 
atures of 80 to 85°F. By re-icing periodically a temperature range of 48 to 57°F 
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TABLE I 
lemperatures (°F) in shipping containers packed with patented coolant in cans at 9°F 


Time lapse after packing, hours 
No. of pints e ee a ae ee ee ee 


of coolant 
24 36 48 60 72 | 84 96 


A: with temperature of container at 45°F 
58 


50 55 65 67 68 
48 49 53 61 66 
45 46 48 58 64 
43 44 48 57 62 
40 41 43 49 56 


Cam 


= 
No 


B: with te mperature of container at 80 to 85°F 
53 57 66 
50 51 60 67 
47 48 54 64 69 
44 45 50 58 65 
41 42 44 51 61 


was obtained over a period of 96 hours. Considerable condensation and temper- 
ature fluctuation resulted, however, from opening to re-ice the chest. 


In addition to providing a variety of temperature ranges a paper container 
with patented coolant is more reliable for shipping insects than a wooden chest 
with natural ice because the coolant does not have to be replenished en route, thus 
eliminating the possibility of improper attention. Condensation is negligible in 
the paper container. Its w eight is only 16 to 26 pounds depending on the quantity 
of coolant; that of a wooden chest of comparable size and packing space is 67 
pounds. Consequently, cheaper shipments can be made and the time in transit 

can be reduced by utilizing: air express. The cost of materials and labour for a 
corrugated paper r container is much less than for a wooden chest. 


(Received August 30, 1960) 
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